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ometime within the next several years, the first 

American will soar into orbit around the earth. He will be 

sealed in a small, cone-shaped space capsule mounted atop an 
Atlas missile. The missile will climb 100 miles in less than six 
minutes, where the capsule will disengage and. go into orbit. The 
man will be alone in space. 


The vehicle for this historic voyage is already in production under 
the auspices of the National Aeronautics and Space Administration's 
“Project Mercury.” One of the methods of heat protection is a beryl- 
lium heat sink, forged on two giant steel dies. Both dies are USS 
Quality Steel Forgings. The top die (shown being rough-machined 
on one of our vertical boring mills) will be convex, 20 inches thick 
and will weigh 26,520 pounds. The bottom die, concave and 18 
inches thick, weighs 27,700 pounds. Both are 92 inches in diameter. 

Steel is the starting gun in the race to outer space. Space ships 
and missiles couldn’t get off the ground without it. And Steel de- 
pends on men like you. Send the coupon if you would like to find out 
about the many engineering financial analysis or sales career op- 
portunities at U. S. Steel. 


USS is a registered trademark 


(iss) United States Steel 


This mark tells you a product is made 
of modern, dependabie Steel. 


United States Steel Corporation 
Personnel Division 

525 William Penn Place 
Pittsburgh 30, Pennsylvania 


Please send me the booklet, “Paths of Opportunity.” 


School 
Address 


City Zone__State__ 


‘ 
: 
| 


Performance Centers on 
SEALMASTER QUALITY! 


PERFORMANCE . . . more hours of efficient power 
transmission and precision service from every SEAL- 
MASTER Ball Bearing Unit, 


QUALITY . . . The assurance that the second or two 
hundred and second SEALMASTER Ball Bearing Unit 
you buy will be as precision-perfect as the first. A 
combination of exclusive engineering features and 


scientifically-controlled production have made the 
name SEALMASTER synonymous with quality through- 
out industry. 


ECONOMY .. . more for your bearing purchasing 
dollar. SEALMASTER quality and performance contin- 
ves to pay dividends long after the original purchase. 


QUALITY ENGINEERED LINE 


Standard FLANGE 


Medium Duty CARTRIDGE 
FLANGE UNITS UNIT PILLOW BLOCK FLANGE UNIT 


AVAILABLE IN A COMPLETE 


ium Duty 
PILLOW BLOCKS 


SEALMASTER BEARINGS A Division of STEPHENS-ADAMSON MFG. CO., 93 Ridgeway Avenue, Aurora, Illinois 
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ULATORS 


ELECTRICAL ENGINEERS 


See your Placement Office for additional 
information and interview date. or write 
Don Armiger, College Relations Administrator 


LABORATORIES 


DIVISION OF VITRO CORPORATION 
OF AMERICA 


ake 
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| Vitro Laboratories 
in Silver Spring, Maryland 
| DIGITAL EQUIPMENT + SIM TORPEDOES 
' EXPERIMENTAL UNDERWATER VEHICLES 
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BASIC AND APPLIED RESEARCH 
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Things 
we know about 
tomorrow 


A phenomenon of modern America is the so-called 

"think company." It owns no factories, manufactures 
J no products and makes no shipments, but just "thinks" 

about problems--and brilliant ways to solve then. 

We have a number of "think companies” within Westinghouse. 

One is a group of scientists in the research labs near 
Pittsburgh who seek basic knowledge, like the production 
of light by solids, and the origin of magnetisn. 

Other Westinghouse scientists in Baltimore apply basic knowledge 
to that most demanding of all problems...national defense. At 
Cheswick, Pa., another group thinks about products needed in the 
American home 10 or 15 years from now. 

As a result of this kind of thinking Westinghouse scientists and 
engineers have achieved startling advances in atomic power, the 
launching system for Polaris, thermoelectric generators 
and many other developments. 

The back-up facilities in the Westinghouse "think companies" 
help make Westinghouse the best place for talented engineers. 
For information on rewarding career opportunities write 

7 L. H. Noggle, Westinghouse Educational Department, 
Ardmore and Brinton Roads, Pittsburgh 21, Pa. 


You can be sure...if it's Westinghouse 
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NASA program-highlights 


NEXT DECADE 
SPACE 


Year 4 to 14 of the Space Age 


Project Voyager—Orbit Mars and 
Venus and eject instrumented cap- 
sule for atmospheric entry and 
perhaps landing. 


Project Mariner—600 to 1200 Ibs. 
First U. S. Planetary missions to 
Venus and Mars. Modified craft for 
hard landings on moon. 


Orbiting Astronomical Observatory 
—Standardized, 3500 Ib. satellite, 
for several experiments with differ- 
ent scientific sensors and special- 
ized devices 


Project Aeros—24-hour stationary 
weather satellite. Launched in 
equatorial orbit. Three satellites 
could permit continuous observa- 
tion of most of earth’s surface. 


Anticipated Growth of NASA 
Spacecraft in terms of weight 
of individual near earth satellites 


Launch Vehicles—New and more 
powerful launch vehicles; chemical, 
electrical, nuclear propulsion. 


CENTAUR 


SATURN 


SATURN C-2 


National Aeronautics and Space Administration 


Project Surveyor —first soft land- 
ing on moon. Conduct observations 
from stationary position 


Project Mercury—U.S.'s first 
manned satellite. 


Solar Observatory—350 ib. Large 
flywheel and extended arms rotate 
to stabilize. Under construction 


Project Prospector—Soft landing 
on moon and exploration of area 
within 50 miles of landing point 


Nimbus—600 to 700 Ib. meteoro 
logical satellite series. Stabilization 
system will keep cameras pointed 
earthward 


Orbiting Geophysical Observatory 
—1000 Ib. geophysical research 
satellite designed for a near earth 
circular polar orbit or an inchned 
highly elliptical orbit 


These programs facing the scientists and 
engineers of NASA comprise the most 
challenging assignment ever given a group 
of Americans. 


You are invited to work alongside the many 
distinguished and dedicated members of our 
technical staff. For details about 
outstanding professional opportunities, 
address your inquiry to the Personnel 
Director of any of these NASA Research and 
Space Flight Centers — 


NASA Ames Research Center « Mountain View, California 


WASA Flight Research Center « P.0. Box 273, Edwards, California 


NASA Goddard Space Flight Center « Greenbelt, Maryland 


NASA Langley Research Center * Hampton, Virginia 


NASA Lewis Research Center + Cleveland 35, Ohio 


NASA Marshall Space Flight Center « Huntsville, Alabama 


NASA Wallops Station « Wallops Isiand, Virginia 
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As you plan your career—be sure to consider 


MO nsannt 0, moy surprise you that 


Monsanto needs electrical and mechanical engineers, 
as well as chemical engineers. 


Fact is, though, that Monsanto offers many opportuni- 
ties to men with your professional training, including: 


Mechanical Engineers .. . 
Plant design and layout @ Plant engineering 
Equipment selection @ Construction 
Materials specification ® Specialization in the fields 


Design of new and unique of fluid mechanics, stress 
equipment analysis, heat transfer, etc. 


Electrical Engineers... 
© Design of electrical @ Power distribution and 
systems substation design 
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@ Process control e Automated process systems 
instrumentation engineering 
@ Applied research e¢ Equipment evaluation and selection 


May we discuss these with you as we visit your 
campus this year? You can arrange for this visit with 
your Placement Director; 
or write Professional Em- 
ployment Manager, EM-2, 
Monsanto Chemical Com- 
pany, St. Louis 66, Missouri. 
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POLARIS: Northrop’s Datico checks SKYBOLT: Guidance and navigation 

out Polaris at all levels of mainte- systems are being developed by Nor- 

nance and operation. throp for this new and highly secret 
ait-launched ballistic missile. 


Northrop is now active in mor 


%-15: Northrop produces Q-Ball, the 


AERODYNAMICS: Northrop’s Laminar 
Flow Control technique is designed 
to greatly increase aircraft range, flex- 


flight angle sensor for safe re-entry 
of X-15 and other aerospace vehicles. 


TITAN: Northrop supplies complete 
technical and industrial management 
to activate the T-2 Titan missile base. 


ibility, cargo and passenger capacity. 


For work on these advanced programs, we seek exceptional engineers, scientists and mathematicians. 
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MERCURY: The Northrop landing sys- 
tem is designed to bring the Mer. a 
7 


COMMUNICATIONS: Northrop 7-38: World's first supersonic twin- 
the trans-Pacific Scatter Communi- jet trainer is built by Northrop for 
cations Network and other worid- the United States Air Force. 

wide communication systems for 

U.S. and free world governments. 


than 70 important programs 


TARGET MISSILES: Northrop has pro- 
duced more than 50,000 electroni- 
cally-controlied aerial targets, and 
surveillance drones. 


Write Northrop Corporation, Box 1525, Beverly Hills, California. Divisions: Norair, Nortronics, Radioplane. 
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COMMERCIAL METAL PRODUCTS: Nor- SPACE RESEARCH: Northrop’s accel- 
throp produces aluminum architec- erated space research programs 
tural shapes for many important reach into such advanced areas as 
industrial and commercial buildings. maneuverability, rendezvous, space 
vehicle maintenance, space probes, 
and the survival of men in space. 


When writing to advertisers please mention the Connect ENGINEER. 
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components, ground handling and 
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KOPPERS 1960 NET SALES BY DIVISIONS 


$ 63,063,000 


52,652,000 


CHEMICALS 


15,617,000 


47,166,000 


31,092,000 


20,080,000 


$229,670,000 


ENGINEERING 
& CONSTRUCTION 


72,105,000 


764,000 


$302,539,000 


What’s it mean to you? 


It means Koppers is a highly diversified company. It’s a 
chemical-producer, a plastics-developer, a dyestuffs manu- 
facturer, a steel mill designer. Presently, Koppers has 127 
major groups of products and services for basic industry. 
This diversification ensures college graduates maximum 
job opportunity. 

Because of Koppers unique versatility and mind for 
research, our products and services reach into every level 
of business in all 50 states and into every continent of the 
world. Koppers products are used by the automotive, 


plastics, chemicals, steel, building, food, clothing, pack- 
aging, pharmaceutical, and transportation industries. To 
keep its products pouring through these channels, 
Koppers is continually searching for new, better ways to 
serve industry. 

You, too, can be a part of this planned diversification 
and growth. Your choice of fields is as broad as industry 
itself. Learn more about Koppers by writing to the 
Personnel Director, Koppers Company, Inc., Room 230 
Koppers Building, Pittsburgh 19, Pennsylvania. 


KOPPERS COMPANY, INC. 
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Radioactive waste disposal is 
fast becoming a key problem in to- 
day's rapidly growing atomic ener- 
gy industry. Radioactive wastes 
cannot be treated in the same man- 
ner as other industrial wastes, for 
discharged radioactive material 
may contaminate air or drinkin 
water, and may cause biological 
damage if absorbed by an organ- 
ism. Because of this great biologi- 
cul danger, the National Commit- 
tee on Radiation Protection has es- 
tablished a list of the maximum 
permissible concentrations of 
dioisotopes in different media, so 
that overexposure to these wastes 
can be prevented. Systems for the 
disposal of radioactive waste must 
therefore be designed so that 
these tolerance values are never 
exceeded, 


Solid Wastes 

Solid wastes consist primarily of 
incidental material which has be- 
come contaminated during the 
course of normal operations. These 
solid wastes may be classified as 
combustible or non-combustible. 

Combustible wastes, includin 
paper, clothes, filters, and ae 
are often concentrated by burning 
in special incinerators. Through the 
use of scrubbers and filters, these 
incinerators remove the radioactivi- 
ty from the combusion gases and 
do not allow any radioactive ma- 
terial to pass into the atmosphere. 


Oak Ridge National Lab. 


A view of the process waste treatment 
plant at Oak Ridge, Tennessee. 
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RADIOACTIVE 
WASTE DISPOSAL 


by Stanley Schlozman, ME °65 


The resultant ash is disposed of in 
the ordinary manner, such as 
burial or sea dumping. Such in- 
cineration affords a 60 cent 
saving of valuable space.* 

The noncombustible solid wastes 
are either enclosed in barrels or 
concrete blocks and dumped in 
certain parts of the ocean, or they 
are buried in selected locations on 
the land. 

Gaseous wastes such as radioac- 
tive isotopes of the inert gases 
krypton, xenon, and argon, and 
the volatile fission products iodine 
and ruthenium, are given off dur- 
ing the reprocessing of spent re- 
actor fuel elements and in the in- 
cineration of solid wastes. Water 
scrubbers, charcoal or silica gel 
adsorbers, and filters are used to 
decontiminate these gases before 
their dispersal to the atmosphere 
through tall discharge stacks. 

A large portion of the airborne 
radioactive waste comes from re- 
actors which are cooled by gas 
which is subsequently released to 
the atmosphere. The radioactivity 
in the discharged gas can result 
from the irradiation of dust parti- 
cles in the air, the pick-up of ra- 
dioactive particles of concrete and 
graphite from the inner surface of 
the reactor, and from radioactive 
particles released from a ruptured 
fuel can. In order to reduce the 
amount of radioactivity escaping 
from gas-cooled reactors, the num- 
ber of dust particles in the air en- 
tering these reactors is reduced by 
filtration. In addition, most of the 
radioactive particles leaving the 
reactor are filtered out before the 


air is discharged into the atmos- 
phere. 

All of the large atomic energy 
establishments which discharge 
significant amounts of radioactive 
gases to the atmosphere employ 
meteorological staffs to determine 
the occasional combination of bad 
weather conditions which might 
retard the normal dispersion o 
slightly radioactive gases. Ordi- 
narily, the gases dissipate with no 
harmful effects; however, adverse 
weather conditions could cause 
the gases to settle and concentrate 
in one area. 


Liquid Wastes 

Most of the radioactive waste 
being produced today is in the 
liquid state. For purposes of dis- 
posal, this waste is often divided 
into low level, intermediate level, 
and high level activity waste. 

Low level radioactive wastes are 
produced in fuel reprocessing 
plants, varied operations of large 
atomic energy laboratories, and 
atomic reactor cooling water. Be- 
cause this type of waste is pres- 
ent in large volumes and contains 
only small concentrations of radio- 
active material, disposal to the na- 
tural environment (i.e. the ground, 
streams, and seas) seems most 
practical. However, the degree of 
treatment of large amounts of low 
level waste and the amount of ma- 
terial discharged directly to the 
environment must be very care- 
fully controlled, for fish and vege- 
tation selectively absorb these ma- 
terials and often greatly concen- 
trate the radioactivity. 
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Low level wastes are usually 
held in storage ponds or basins 
for short periods before release to 
allow for the decay of some ac- 
tivity. During this time they are 
extensively monitored. As a result, 
batches found containing abnor- 
mal amounts of radioactivity are 
placed in higher activity level dis- 
posal systems. 

The British have made the most 
extensive use of direct sea dis- 
posal of low level waste. The 
United Kingdom Atomic Energy 
Authority has built all of its chem- 
ical processing plants on the sea 
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Brookhaven National Lab. 


Barrels containing radioactive wastes are shielded with concrete before disposal. 


coast so that waste material can be 
discharged. They now have three 
pipelines into the sea carrying 
waste to be diluted. 

Intermediate level wastes gener- 
ally arise from the later stages of 
chemical reprocessing of spent fuel 
elements and in the scrubbing of 
off-gases from fuel dissolution, In 
the United States these intermedi- 
ate wastes are usually discharged 
to the ground after some pretreat- 
ment. The Oak Ridge National 
Laboratory, for example, carries 
on a modified soda ash process of 
the type commonly used in water 


softening, which removes up to 
87% of the total radioactivity in a 
single pass through the treatment 
plant. 

The purification of discharged 
waste is accomplished as it passes 
through the soil. There a high per- 
centage of the radioactive mate- 
rial is removed, and the decontam- 
inated material passes on to be- 
come part of the normal — 
water system.’ “The role of clays, 
shales, and weathered rocks is a 
very important one in this method 
of disposal where the essential 
mechanism is ion-exchange of the 
soil particles.”* 

The capacity of the soil to trap 
radioactive materials and hold 
them for a long time must be de- 
termined prior to their direct dis- 
posal. The disposal process itself 
is usually carried out through un- 
derground cribworks and open 
seepage basins. Careful monitor- 
ing is always an integral part of 
these disposal operations, for these 
monitorings determine the extent 
and rate of movement of the ra- 
dioactive material through the soil. 

Wastes of intermediate level are 
sometimes mixed in concrete and 
solidified, or packaged in steel 
drums. The concrete blocks or 
drums are then dumped into speci- 
fied areas of the ocean. Thus the 
activity is contained until the 
drum or concrete disintegrates. 
Substantial decay of the radio- 
activity occurs before the dispersal 
of the contents takes place, and 
any small leakage before this time 
is assumed to be greatly diluted. 
The method of sea disposal is pres- 
ently under great criticism and 
much more work by oceanograph- 
ers is needed to gain information 
about ocean currents and the rate 
at which radioactive substances at 
the bottom of the ocean mix with 
the surface waters. 


High Level Wastes 


High level atomic waste refers 
to the waste streams emerging di- 
rectly from the reprocessing of 
atomic reactor fuels. Virtually all of 
these wastes are in the form of 
aqueous solutions. 

Ocean disposal of these high 
level wastes is practiced, but it is 
most attractive to countries with 
limited land area and dense popu- 
lation. In the United States the high 
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activity waste is stored in under- 
ground tanks made of steel and 
concrete. Many of these tanks are 
equipped with cooling coils in or- 
der to remove the decay heat of 
fission products. Aging for several 
years is required before the activi- 
ty decays to a point where cool- 
ing is no longer needed. 

At the present time over 65 mil- 
lion gallons of high level liquid 
wastes are stored in underground 
tanks in the United States, pri- 
marily at Hanford, the Savannah 
River Plant, and the National Re- 
actor Testing Station in Idaho. Be- 
cause the life-expectancy of the 
present tanks may be only a frac- 
tion of the hazard-life of radioac- 
tive material they may contain, 
several methods for ultimate dis- 
posal are being studied. 

The primary methods now un- 
der consideration are: 

“1. Storage in cavities in natural 

salt formations. 

2. Injection through wells into 
permeable formations in 
which natural conditions 
would provide storage space 
and prevent migration of the 
wastes. 

. Deep well injection into im- 
permeable formations after 
they have been fractured by 
hydrostatic pressure to form 
storage spaces for a slurry 
containing the waste liquids. 

. Concentration and _ fixation 
into a stable solid such as 
a ceramic or glass and stor- 
age or burial in selected lo- 
cations. 

5. Calcination and storage.”* 

Of these, disposal in salt forma- 
tions, fixation in solids, and calcina- 
tion are the most promising for 
early development. 


Fixation and Calcination 


Considerable effort is now being 
put into the investigation of meth- 
ods of converting liquid wastes to 
solids, for solids seem to be safer 
to store than liquids and represent 
the minimum storage volume. For 


There are many ways in which 
radioactive isotopes may be com- 
bined with solid substances for 
disposal, Work is going on in vari- 
ous laboratories all over the world 
on the fixation of radioactive ma- 
terials in glasses, soil minerals, 
feldspars, alumina, and silica; and 
the ars of these isotopes into 
glasses, glazes, and clays. 

Brookhaven National Labora- 
tory, for instance, is developing a 
fixation process involving one or 
more pretreatment steps followed 
by the adsorption and fixation of 
fission products in montmorillonite 


clay. The pretreatment steps re- 
move or neutralize the bulk salts 
or acids in the wastes so that the 
adsorption of fission products on 
the clay proceeds more efficiently.’ 

The calcination process involves 
the conversion of the bulk metal 
salts (aluminum nitrate, zirconium 
fluoride, and aluminum fluoride) 
used in fuel reprocessing into their 
stable oxides by thermal decom- 
position and steam hydrolysis. Af- 
ter a preliminary leaching, these 
solids are suitable for burial. Dur- 
ing the process less than 0.1 per 
cent of the feed activity other than 


Brookhaven National Lab. 


these reasons, the conversion of 
liquid radioactive waste into a 
solid inert form and the subse- 
quent long-term storage of these 
solids in a specially selected geo- 
logic formation is considered an 
excellent solution to the problem 
of ultimate waste disposal. 


A “smoke run” at Brookhaven National Laboratory, Upton, N.Y., ~~, illustrat- 
ing the point that wind currents can move in separate layers, and even 
in opposite directions. 

Analyses of such data enable meteorologists to determine the occasional combina- 
tion of adverse weather circumstances which might conceivably retard normal disper- 
sion at high altitude of air which has been used to cool the Brookhaven nuclear re- 
actor, or atomic pile. When such circumstances arise, the meteorologists telephone 
reactor operators so that the reactor can be shut down until weather conditions im- 


prove. 
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ruthenium appears in the overhead 
condensate. Furthermore, the vol- 
ume reduction accomplished 
ranges from six to ten times. 


Disposal in Salt Cavities 


If the world’s nuclear power in- 
dustry continues to expand at a 
rapid rate, the volumes of waste 
produced will soon be tremendous. 
Therefore, an extremely cheap and 
safe method of storing radioactive 
wastes will be needed. Many now 
think that this can be done by 
storing the wastes in underground 
salt formations. 

The petroleum industry has been 
storing liquified petroleum gases 
economically and safely in cavities 
of salt formations since 1950, If the 
disposal of radioactive wastes in 
salt proves equally successful, then 
one of the most troublesome prob- 
lems in the nuclear power indus- 
try will be solved. 

Salt’s comparatively high ther- 
mal conductivity and melting point 
make it favorable for the storage 
of high level radioactive waste. 
Many salt cavities of 10 to 100 mil- 
lion gallon capacity have been con-- 
structed for only a few cents per 


stored gallon. This contrasts fa- 
vorably with the present cost of 
a few dollars per gallon for the 
storage of high level waste. 

Under compressive stress salt 
is impervious to the passage of 
gases and liquids, Salt is also plas- 
tic and therefore undergoes plas- 
tic flow without cracking when 
subjected to certain shearing 
stresses. It therefore acts as a self- 
sealer of the storage cavity.’ A 
great deal of research and develop- 
ment is presently being conducted 
in this field in the hope that stor- 
age in salt cavities will provide an 
adequate solution to the question 
of ultimate disposal. 

In the meantime, radioactive 
waste disposal remains a problem 
of acute national and ates inter- 
est. The waste dispersed into the 
atmosphere affects all the world 
and the waste dumped into the sea 
affects those countries bordering 
the oceans and those people who 
consume food from the sea. We 
must therefore continue our search 
for safe means of radioactive waste 
disposal and continue to guard 
against any excess or unnecessary 
exposure to these wastes. 


FOOTNOTES 

'K. Saddington and W. L. Temple- 
ton, Disposal of Radioactive Waste, 
(London, 1958), p. 67. 

*L. P. Hatch, “Ultimate Disposal of 
Liquid Wastes,” in Sixth International 
Congress and Exhibition of Electronics 
and Atomic Energy (United States 
Atomic Energy Commission, 1959), p. 
18. 

‘Ibid. p. 18. 

‘Reactor Fuel Reprocessing, ( Ar- 
gonne National Laboratory, June 1960), 
p. 69. 

* Hatch, op. cit., p. 18. 

Ibid., p. 20. 
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Forthcoming space exploration 
will require exotic fuels and new concepts in 
energy conversion to keep men alive and equip- 
ment operating for long periods of time beyond 
the earth’s atmosphere. Advanced hydrogen sys- 
tems recently developed by The Garrett Corpora- 
tion have solved this problem of providing the 
electrical, hydraulic and pneumatic power, plus 
cooling and heating required aboard a satellite or 
space capsule during launching, outer space flight 
and re-entry. 

Besides such spacecraft and missile systems, 
other product areas in which Garrett engineers 
work include small gas turbine engines, flight 
data systems for air and underwater use, nuclear 
and solar power systems, cryogenic systems and 
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controls, and air conditioning and pressurization 
systems for conventional aircraft and advanced 
flight vehicles. 

Such diversity of interest not only makes work 
more interesting at Garrett, but gives the engineer 
an opportunity to increase his knowledge and 
chances for responsibility and advancement. 

An orientation program lasting a period of 
months is also available for the newly graduated 
engineer, working on assignments with experi- 
enced engineers in laboratory, preliminary design 
and development projects. In this way his most 
profitable area of interest can be found. 

Should you be interested in a career with The 
Garrett Corporation, write to Mr. G. D. Bradley 
in Los Angeles. 
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Gyro spin motor shown partially disassembled, produced by Fafnir for B-58 Hustler Bombers 


From FAFNIR...gyro motors that 
keep the B-58 on the beam! 


You can share in achievements 
like this...at FAFNIR 


Fafnir recently took over complete production of 
gyro spin motors for the B-58 bomber. An unusual 
assignment for bearing men. But it solved a critical 
problem in precision for a navigational instrument 
maker. 


At Fafnir, a career as a bearing engineer will 
keep you “at the turning points” of progress in 
virtually every major industry. You will find your 
work stimulating . . . challenging 


Investigate the career opportunities open to you A 
at Fafnir, America’s largest independent manu- 
facturer of ball bearings. Write Mr. Howell L. 
Potter, Director of Engineering, The Fafnir Bear- B A E G 
ing Company, New Britain, Connecticut. 50 years of experience in the manufacture of ball bearings 
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INDUSTRY FINDS NEW 
USES FOR HELICOPTERS 


by Theodore Spar, CE °62 


The construction industry has 
been receiving a new lift recently 
from the helicopter. Its unique ad- 
vantages over conventional means 
of man and material transportation 
portend an era of increased mo- 
bility for an industry marked by 
heavy, slow moving equipment. 
Many construction operations are 
preceded by a long, unproductive 
period devoted to the building of 
haul roads, stock yards, and other 
facilities which will be unneces- 
sary when the project is completed. 
These expensive auxiliary opera- 
tions are needed to allow a smooth 
flow of men and equipment to the 
job site. The helicopter’s mobility 
and usefulness as a transportation 
device are making it possible to 
by-pass these operations, As an aid 
to field construction, these crafts 
can save time and money on any 
engineering project. 

These new found tasks are be- 
ing handled by small companies 
made up of expert pilots who spec- 
ialize in flying their copters plus 
the heavy loads into areas where 
they are needed. Expert. skill is 
required of these men who, many 
times, are called on to make de- 
liveries not to a broad field but to 
a final location site where place- 
ment must be made within a few 
inches. 


Sikorsky Aircraft 


The 8-58 picks up a loaded concrete 
bucket and flies over mountainous ter- 
rain to construction site. 
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Flying in Oil Derricks 


The petroleum industry turned 
to the helicopter to aid in the 
search for oil in rugged terrain. 
A typical project would be recon- 
naissance by a low flying craft, 
capable of slow flight, hovering 
over prospective areas. Seismic 
and survey parties are easily and 
quickly flown into interior jungle 
sections or mountainous regions. 
Parties can be moved rapidly 
from one area to another by heli- 
copter with terrain providing a 
minimum of interference. If the 
area appears to be promising 
enough to venture sinking a well, 
the helicopter provides economic 
as well as speed advantages. 

At best, oil well drilling is fi- 
nancially risky; costs must be kept 
to a minimum because of the 
strong possibility that the well will 
prove dry. In the mountainous and 
jungle sections where world needs 
are now pushing the search for 
oil, haul roads are both time-con- 
suming and costly ventures. On a 
recent job in the Netherlands New 
Guinea, two helicopters moved 
supplies from a base camp, over 
sixteen miles of dense jungle, to a 
well site in six weeks, Company 
officials estimated that conven- 
tional methods of building haul 
roads and trucking in equipment 
would have consumed fifteen 
months of valuable working time. 
The craft flew in all material nec- 
essary for the construction and 
operation of the site. 

First on a typical schedule for 
this type of job would probably 
be a bulldozer and ground clear- 
ing crew. Flown in section by sec- 
tion due to its weight, the “dozer” 
would be assembled on the site 
and put to work clearing a suit- 
able area for the rig. Next, the 
helicopter will fly in the entire 
drilling rig, also in sections. As a 
consequence of the use of heli- 
copters for flying in equipment, 
oil companies are now striving to 
produce lighter weight materials 
that will necessitate fewer flying 
trips. Many instances have been 
reported in which a helicopter has 
been able to serve two rig sites at 
the same time, bringing in equip- 
ment faster than it is needed. In 
any such operation, careful plan- 
ning is necessary to insure the con- 


tinuous operation of the craft. 
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This includes proper labelling of 
loads with destination and weight, 
and the layout of material in a 
stockyard in such a manner as to 
promote easy ag, The most 
difficult task for a helicopter in 
ree up a drill rig is the carry- 
ing of long lengths of pipe which 
may rotate in flight, causing sta- 
bility control problems. Another 
difficulty reported by many pilots 
is a phenomenon known as “air 
resonance.” Due to an unfavorable 
combination of forward speed, 
load size, and load position, vio- 
lent vibrations and rollings some- 
times build up. Although the 
causes of air resonance are not yet 
fully understood it is felt that sta- 
bility is lost due to too great a 
lowering of the craft's center of 
gravity. Short of jettisoning the 
load, a speedy change of power 
settings is the accepted method of 
restoring control. 

All equipment delivered to the 
site can, if a proper flight sched- 
ule has been followed, be posi- 
tioned within a few inches of its 
final location. The drill mounts 
themselves are held in position by 
the helicopter until temporary 
supports are in place. Once a site 
is fully equipped, the helicopter 
will make periodic trips to bring 
in supplies or exchange personnel. 
In rough country, the savings over 
conventional means of transporta- 
tion are so great that one early 
helicopter-built dry well was 
termed a “successful failure” by 
its owner because of the advent 
of the new era which it pro- 
claimed. 


Erection of Overhead 
Transmission Towers 


Perhaps more dramatic is the 
role of the helicopter in power 
line construction, Pioneer work in 
this field was done in Puerto Rico, 
a country of rugged land sorely 
in need of rural electrification. 
Here, using a single Sikorsky S-58, 
poles were transported and placed 
at the rate of 100 per day. Previ- 
ous methods would have required 
three to four months to install 
this amount, and would have used 
a much larger work force. Crews 
were first leap-frogged from one 
pole site to the next to dig the re- 
quired holes, Then the poles were 
flown in and positioned from the 


air, In some cases, the pole was 
only a single vertical timber, but 
even if the schedule called for a 
pole and cross arms to be flown in 
as a single unit, the work pro- 
ceeded rapidly. 

Recently, work had been done 
in the United States to study the 
feasibility of installing high volt- 
age electric power transmission 
lines by helicopter. Larger poles, 
consisting of two vertical mem- 
bers with cross arms and _ truss 
bracing are being flown to pre- 
dug holes in one unit. Stringing 
of the conductor is done directly 
from the helicopter, which draws 
the line off a spool on the ground 
and places it across each cross 
arm. Final connections and ten- 
sioning are done by ground crews. 
The American Electric Power 
Company, sponsors of the project, 
expect total construction time to 
be one third less than conventional 
methods. Three other experimen- 
tal projects involving helicop- 
ters and power line construction 
are also being studied by the AEP 
System. They are the hauling of 
pre-assembled steel towers, the 
setting of a complete aluminum 
tower, and the field erection of a 
steel tower by helicopter. If these 
methods prove successful they will 
allow for even greater use of the 
helicopter in this field. 


The Versatile Helicopter 
Aids Many Types of Industry 

Surveying parties are taking ad- 
vantage of the helicopter as a 
valuable time saver on many var- 
ied projects. An intriguing ex- 
ample is in the field of hydro- 
graphic surveys; surveys to map 
the bottoms of bodies of water. 
In one project, the helicopter 
hovered over the water surface, its 
elevation kept constant by signals 
from a level-man on a_ nearby 
bluff. At the moment a sounding 
was to be taken, as indicated by a 
signal from a flagman on the craft, 
its position as an angle from a 
baseline was noted by two transits 
set up a known distance apart on 
the baseline. Thus the location of 
the point and its depth are 
uniquely determined. 

On heavy construction jobs, the 
helicopter is finding use as a 


speedy taxi for home office men 
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who must make a tour of widely 
separated field operations in the 
shortest time possible. It keeps 
isolated crews, whether on dam 
construction sites or offshore oil 
well towers, supplied with food, 
equipment, and replacements of 
men and machines, The helicopter 
is finding use as a highly mobile 
crane on many construction sites. 
It lends itself to the transporting 
of buckets of concrete from truck 
or batching plant directly to forms 
which might otherwise be inacces- 
sible. In these cases, the conven- 
tional concrete bucket is equipped 
with a flexible exit shaft and rip 
cord to enable it to be positioned 
and dumped quickly, As a hoisting 
device the helicopter was recently 
used to lift heavy heating and 
ventilating equipment to the roof 
of an Atlas missile plant in San 
Diego, California. A Sikorsky S-58 
was used to place 103 tons of such 
equipment on the plant roof in 
six hours of flying time. Use of a 
conventional crane would have re- 
quired roof reinforcement, higher 
costs, more time, and wouldn't 
have resulted in the equipment 
being positioned within one inch 
of its final location as the helicop- 
ter was able to do. 

The future uses of the helicop- 
ter in construction are probably 
limited only by the ingenuity of 
the men who use them. Specially 
designed craft should be able to 
carry heavier loads of equipment 
designed with “installation by heli- 
copter” in mind, These flying 
cranes might possess auxiliary 
equipment, such as power augers 
for digging the holes for trans- 
mission lines. Perhaps they could 
be equipped with ground clearing 
devices, making a helicopter a fly- 
ing bulldozer as well. The heli- 
copter, once primarily a military 
aid and an instrument of mercy 
in times of disaster, is now taking 
its place as a vital piece of equip- 
ment in the construction industry. 


Sikorsky Aircraft 
An 80 foot 2700 pound aluminum tower 
is being airlifted to it. final location. 
The helicopter was also used to trans- 
port crews and string lines on the project. 
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AUTOMATION 


ITS EFFECT ON THE WORKER 


AND HIS JOB 


Part I of 2 Parts 


by Reginald F. Woods III, ME °62, BPA °63 


A company or industry may turn 
to automation for a multitude of 
reasons, of which labor is only one. 
However, whatever the basic mo- 
tive, a substantial saving in opera- 
tive labor is an inevitable result. 
Fear is often expressed that, since 
automatic processes increase out- 
put per man-hour, subsequent de- 
mand for goods and services will 
be met without full use of the 
work force. This apprehension is 
understandable but historically un- 
realistic. Similar increases have 
taken place regularly since the In- 
dustrial Revolution and the gen- 
eral level of employment has been 
maintained in spite of increased 
mechanization, by means of in- 
creased product demand and con- 
sumption coupled with a reduction 
of the work week. 

Nevertheless, we still find that 
the vast majority of employees are 
suspicious of automation and tend 
to reject it for many reasons. It is 
quite natura] that resentment will 
be created where machinery dis- 
places workers without other job 
opportunities being available else- 
where in the company. The older 
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workers are especially fearful of 
such a result, and although the 
younger ones most certainly resent 
it, they are more confident of lo- 
cating other employment. 

In many cases automation will 
require methods revisions which 
substitute a lower paid skill for 
the present one, or it may even 
force a worker out of the position 
requiring his skill and leave him 
in the unenviable position of ac- 
cepting a lesser 
When workers see such hand- 
writing on the wall they fight it 
with all they have, as individuals 
as well as organized labor groups. 

There are strong indications that 
resistance to change is the most 
powerful and — labor at- 
titude. This, of course, is a basic 
human trait and must be intelli- 
gently treated in any automation 
situation. In back of this general 
resistance lies a complex aggregate 
of the individual's fear of proving 
inadequate in the new situation, 
desire to preserve social status, 
pay, working privileges of the old 
system, and fear of the unknown. 

As far as individual companies 


are concerned, automation has 
very rarely caused wholesale dis- 
missal of labor, although at the 
same time it is able to reduce 
operative labor by a large factor. 
Most managements respect the 
importance of ensuring that their 
workers do not regard automation 
as a job threat, and so they make 
considerable effort to retain any 
workers that may be displaced. 
Fortunately, those firms that are 
most likely to introduce automa- 
tion are readily able to absorb 
these workers for two major rea- 
sons. In the first place they will 
probably be large companies 
which can transfer workers to 
other departments, Secondly, at 
present automation is finding more 
common application in those in- 
dustries with greatly expanding 
output, such as electronics, auto- 
motive, and the like. Also, during 
labor shortages, automation may 
provide the only means of expand- 
ing production to meet increased 
demand. However, even in indus- 
tries which are expanding less 
rapidly, profit and progress often 
go hand-in-hand, and companies 
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that employ automation may often 
make substantial gains in their 
share of the available market. 


Automation vs Skill 

The introduction of automation 
into a plant implies more machin- 
ery and the complex control fune- 
tions which are necessary for its 
regulation. Therefore it appears 
quite evident that the employees 
who direct, man, and service this 
equipment will require more train- 
ing, greater skills, and very likely 
more education. For these reasons, 
we may expect the automated fac- 
tory payroll to include a greater 

srcentage of skilled workers and 
ewer unskilled ones. Therefore, 
next to a reduction of employment 
opportunities, the major objection 
expressed about automation is its 
apparent effect in redistribution of 
the work force through “upgrad- 
ing”. 

Two strong and diametrically 
opposed views have arisen on this 
particular aspect of automation. 
The management point of view is 
that “upgrading” is automation’s 
major blessing to labor, because it 
will abolish the drudgery of mo- 
notonous, repetitive work. Supe- 
rior levels of education and train- 
ing will be asked of the worker in 
the automated plant, and such 
qualifications will command great- 
er compensation and prestige for 
the individual worker. For these 
reasons management believes that 
labor should welcome the advent 
of automation, because it will “up- 
grade” the worker into higher, 
more dignified, satisfying, and re- 
warding socio-economic positions. 

The opposing view of labor 
maintains that these very same 
skill and educational requirements 
will make the average worker vir- 
tually unemployable, Not only will 
he be displaced by the higher 
productivity of the automatic ma- 
chine, but he will be unable to 
work in the automated plant be- 
cause he lacks the necessary skill, 
training, and education. In es- 
sence labor feels that automation 
will bring a technological lockout 
of the common man. 

There can be no denial that 
many skill increases will be re- 
quired by automation, However, in 
the opinion of many, the serious- 
ness of the problem has been some- 
what overestimated. A_ recent 
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study by James R. Bright and the 
Graduate School of Business Ad- 
ministration at Harvard University 
indicates that it is not true that 
automation must inevitably mean 
lack of opportunity for the un- 
skilled worker, or that there will 
be a tremendous retraining prob- 
lem. On the contrary, automated 
processes often actually reduce, or 
at least do not require more oper- 
ator skill, after certain levels of 
automation have been attained. In 
processes where highly automated 
machinery provides the skill, ef- 
fort and control, the average un- 


skilled worker can easily master a 
new and different job. In addition, 
many jobs which formerly required 
long years of experience and train- 
ing will be reduced to simple ma- 
chine tending jobs. 

Although there will probably not 
be any widespread unemployment 
due to changes in skill require- 
ments brought by automation, it is 
nevertheless likely that new skills 
= gradually emerge out of the 
old. 

Generally speaking, automated 
processes require two kinds of 
operators. First is the “machine- 


The Alvey-Ferguson Company 


Automation of Colgate-Palmolive warehouse with conveyer belts saves a great deal 


of manpower and time. 
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minder” of the manufacturing in- 
dustry, and second is the “process 
monitor” who has long existed in 
the process industries of chemicals 
and petroleum. 

The machine-minder is a direct 
descendant of the semi-skilled and 
skilled worker of the familar mass- 
production operation. However, 
the nature and scope of his work 
has undergone considerable _re- 
vision with the advent of the au- 
tomatic machine-tool. 

Process-monitoring can be sub- 
divided into three classifications 
which are a function of the degree 
of automation of the process. In 
the first class the operator actually 
regulates the process by remote 
control. In the second class, the 
operator utilizes indicators and 
displays to regulate production 
and exerts much less direct influ- 
ence on the process. In the third 
class he simply monitors a group 
of instruments so that he will be 
informed when and if the process 
begins to get out of hand. Only in 
this third class, where a high de- 
gree of feedback allows the mech- 
anism to control itself, does the 
operator actually become part of 
a fully automatically controlled 
process. In the first two classes it 
can be seen that process efficiency 
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The Alvey-Ferguson Company 


True automation: One overseer lets Kingsbury drilling machine do the work, rapidly 
and accurately. 


and success may depend heavily 
upon the reaction speed of the 
operator. 

Clearly, however, no simple defi- 
nition can possibly cover all 
operative tasks connected with au- 
tomatic processes. Jobs vary wide- 
ly according to product, industry, 
and the degree of automation. As 
was pointed out earlier, operator 
skill will be raised in some cases 
and lowered in others. For ex- 
ample, in the process industries 
there is a reduction in the need for 
subjective judgment by  experi- 
enced skilled workers, while the 
machine operator of the manu- 
facturing industries remains in a 
semi-skilled status but in- 
creased responsibility, In spite of 
the great differences in individual 
jobs, there is a general trend to- 
ward supervision rather than di- 
rect regulation of a process, as 
well as skill based on knowledge 
and understanding of the equip- 
ment and process rather than man- 
ual dexterity. 

Such significant changes may be 
conveniently characterized as a 
general shift from manual elements 
to “perceptual” and “conceptual” 
elements in human skill; in other 
words, the ability to absorb infor- 
mation accurately and efficiently 


and organize or interpret it for 
immediate action. These elements 
are present in varying degree in 
all skills, so it is not likely that 
a complete transformation from 
the motor element will occur, but 
a distinct change of emphasis be- 
tween these three elements is 
bound to be a result of automation. 


Changes in the conceptual ele- 
ment are likely to be the most im- 
portant and significant. Automatic 
processes are, by nature, fully inte- 
grated processes, and no job can 
be in isolation. The 
worker will be called upon to cor- 
relate his indicator and instrument 
readings with those of others; he 
will often have to interpret proc- 
ess trends through a series of 
readings; and he will need to un- 
derstand the process well enough 
to take proper corrective action in 
the event of a breakdown or simi- 
lar emergency. The worker does 
not need a high degree of techni- 
cal competence, but he must have 
a broad understanding of what is 
going on around him, Therefore, 
even though he works according 
to routine instructions most of the 
time, the conceptual element of 
his job will become more and 
more important. 

Along with changes in skill, au- 
tomation tends to place a much 
greater responsibility on the indi- 
vidual worker, because it multi- 
plies the damage and loss that his 
mistakes can bring about. Ma- 
chinery in the automated factory 
is far more expensive; a large quan- 
tity of material can be wasted if 
faults are not immediately correct- 
ed, and a much greater amount 
of production may be lost through 
stoppage because a whole process 
or even a whole plant may be dis- 
abled when one segment becomes 
inoperative. In this context, re- 
sponsibility does not imply diffi- 
cult decision making, but does re- 
quire that the worker be alert, 
conscientious, and reliable. 

Operators on automatic process- 
es need little or no advanced tech- 
nical know-how, but they must 
learn to understand their machines 
and processes. They may need more 
or less skill than before, depending 
upon the job and the process, but 
a complete break with present 
skills is quite rare, There is con- 
siderable evidence in the recent 
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literature to indicate that the new 
operative skills may be acquired 
through a moderate amount of 
training on the job. 


Automation vs The Physical Aspects 
Of Work 

One of the primary objectives 
of the automated plant is to create 
an environment in which the use 
of heavy labor is at a minimum. 
This aspect of automation is part 
of the long evolutionary trend to- 
ward the substitution of mechan- 
ical effort for muscular effort. The 
gain to management is increased 
while the to la- 

© is a much easier job. 

Automation will take the physi- 
cal effort out of heavy work so that 
jobs will be considerably more at- 
tractive to labor, and so that any- 
one, regardless of physical prowess, 
can handle the job. In many cases, 
automated processes have been in- 
stalled primarily so that women 
could be employed to do the work. 
The reduction of unavoidable ac- 
cumulated fatigue maintains a 
more consistent work flow, mini- 
mizing accidents, waste and scrap, 
and delays, The worker himself 
eventually realizes that automation 
actually provides him with a form 
of job security against the inevita- 
ble day when his muscles and skill 
no longer are able to cope with the 
old job, 

Much more pleasant working 
conditions result from use of auto- 
matic equipment which moves its 
own material through the system. 
A cleaner job environment is pos- 
sible because dirt and debris do 
not accumulate and spread around 
the production area. Moreover, the 
operator is not required to handle 
unpleasant waste materials such 
as oily chips, scrap metal, and sim- 
ilar clothing-staining substances. 
Remote control makes it possible 
to locate the workplace at a con- 
siderable distance from some of the 
operations. The effect of automa- 
tion on job conditions is to im- 
prove the working environment as 
well as to reduce the physical ef- 
fort involved. Studies show con- 
clusively that employees are high- 
ly conscious of the improved work- 
ing conditions brought about by 
automation, Frequently they re- 
spond to the new environment by 
taking increased pride in main- 
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wee their equipment in the best 
possible condition. Such increased 
morale brings a real dollar benefit 
to the firm which introduces auto- 
mation. 


Work on the production line of 
a conventional factory tends to be 
repetitive and quite monotonous, 
and therefore devoid of interest 
to the employee. The pace of the 
work is often set by the machine 
rather than the operator. Recent 
research has yielded interesting 
evidence on the problem of pace- 
setting by machines. One study, 
conducted on an automobile as- 
sembly line, leads to the conclu- 
sion that “the mass-production 
characteristic disliked most by a 
majority of workers in our sample 
was mechanized pacing.” Other 
research on the organization of 
repetitive tasks suggests that con- 
straint on the worker, of which 
pace setting is one aspect, has an 
important effect on the satisfaction 
given by the work. Laboratory ex- 
periments at Cambridge University 
also suggest that workers find 
“time-stress” and “speed-stress” the 
most difficult working conditions 
to bear, Although this evidence is 
not to be construed as conclusive, 
it does indicate that mechanical 
pace setting is a problem to be 
reckoned with, 


The worker associated with a 
fully automated process rarely is 
called upon to adjust his speed to 
that of the machine. Usually his 
work consists of routine checks and 
inspection according to a preset 
plan, and only occasionally is he 
called upon to act — when the ma- 
chinery malfunctions. However, in 
the only partially automated proc- 
ess the pace setting problem re- 
mains, In such cases the worker 
is closely tied to the process and 
may suffer from boredom and fa- 
tigue, particularly when the proc- 
ess, although simple, requires con- 
stant attention. The more a proc- 
ess becomes automated without 
being fully automatic, the greater 
the likelihood of dissatisfaction 
as a direct result of pace setting 
by the machine, This trend seems 
to reverse itself when the process 
is fully automatic, because the 
worker is no longer directly in- 
volved in the production process. 


Many workers operating long 
sections of fully automatic produc- 


tion lines have expressed satisfac- 
tion in the variety of work. They 
enjoyed working with different 
kinds of machinery and particularly 
welcomed the change of pace 
rather than being tied to one ma- 
chine day after day. They appreci- 
ated their freedom of movement 
and the fact that they had some 
choice about how and where to di- 
rect their attentions. 

In the opinion of many, opera- 
tors who man complex and exten- 
sive automatic production lines 
most always welcome the sense of 
responsibility, and they actually 
seem to enjoy mastering and oper- 
ating the intricate machinery. The 
workers also like to feel that a 
lot depends on them (whether or 
not it actually does). 

Studies by various agencies in- 
dicate that workers on every level 
seem to enjoy a feeling of pride in 
an outstanding plant. Apparently 
there is considerable satisfaction, 
job prestige, and even social pres- 
tige, in working in the “finest”, 
most “fully automatic”, or “most 
advanced” plant in the industry or 
the area. Management often ex- 
pressed the strong opinion that la- 
bor welcomed automatic machin- 
ery for combinations of these rea- 
sons, provided of course that their 
job security and pay were not 
threatened. 

A major advantage of automa- 
tion is the realization of a much 
less hazardous working environ- 
ment. Safety seems to improve be- 
cause there are fewer people in 
hazardous locations due to the ex- 
tensive use of remote control de- 
vices. Hence, the opportunities for 
accident per unit of output would 
drop even if there were no actual 
hazard reduction. Of course most 
of the jobs that have some element 
of personal danger when performed 
manually have been made auto- 
matic. A fundamental effect of au- 
tomation is to have the materials 
and parts under mechanical con- 
trol at all times, and so they are 
not free to slide. rel], and fall. 
Automatic removal of waste and 
other dangerous material also 
creates a safer environment. 


Editor's Note: 

Part II, discussing the attitudes 
of labor and management, will ap- 
pear next month. 
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Ever since the dawn of recorded 
history man has speculated about 
color and the manner in which he 
perceives it. Before man _ had 
writing, he had some knowledge 
of mixing pigments for his paint- 
ings. As early as 1519, Leonardo 
DaVinci had set down rules for 
color mixing. But mixing of colors 
in pigments differs from mixing 
of colors in images. Although much 
was known about mixing pigments, 
it remained for Newton to show 
the difference between pigmenta- 
tion (subtractive combinations ) 
and “pure” spectral colors (addi- 
tive combinations ) . 

Philosophers have long specu- 
lated as to the nature of color per- 
ception. The question of whether 
or not red to one man is red to 
another has been debated for ages 
with no conclusion. Others have 
wondered whether or not color is 
an integral part of light. Rene Des- 
cartes, the French philosopher-ma- 
thematician believed that color 
was independent of light. Sir Isaac 
Newton showed that white light 
can be broken down into compo- 
nent colors by passing it through 
a prism. After the Newtonian revo- 
lution, the problem of color per- 
ception passed from the philoso- 
phers to the physiologists, by-pass- 
ing the physicists, who were more 
concerned with the nature of light 
than with the problem of color per- 
ception. 

During the nineteenth century, 
three major theories were ad- 
vanced to explain the phenomena 
associated with color perception. 
The earliest, put forth by Thomas 
Young and later modified by Her- 
mann von Helmholtz, was based 
on color mixing by nerve fibers in 
the retina. About the time that 
Helmholtz was modifying Young's 
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HISTORY OF COLOR 
PERCEPTION THEORY 


by Delia A. Corkey, EP °64 


work, Ewald Hering was develop- 
ing a theory based on color con- 
trast and after-images. Finally, in 
the latter part of the century, Mrs. 
Christine Ladd-Franklin proposed 
the third major theory, based on 
an evolutionary development of 
the eye. 

Young's trichromatic theory was 
not the first. Almost a hundred 
years before, Lomonosov had pro- 
posed the first primary light theory 
when he said that light is com- 
posed of three parts. This theory 
was not, however, widely ac- 
cepted. Young, by “starting from 
the well-known fact that there are 
three primary colors, sought for 
the explanation of this fact, not in 
the nature of light, but in the con- 
stitution of man”. 

Thomas Young did not realize 
how right he was when he wrote: 
“The theory of light and colours, 
though it did not occupy a large 
portion of my time, I conceived to 
be of more importance than all 
that I have ever done, or ever 
shall do besides.”* His approach to 
the subject set the pattern for fu- 
ture investigators to follow for 
many years. He first presented his 
theory in the Bakerian Lecture to 
the Royal Society. Young started 
out by saying that the variety of 
spectral colors contains over 150 
distinguishable hues. He expressed 
the belief that it was impossible 
for each point on the retina to 
have a separate nerve fiber ca- 
pable of vibrating in perfect uni- 
son with each hue received. He 
felt that it was necessary to limit 
the number of these sensitive 
nerve types to three; those for per- 
ceiving reds, yellows, and blues. He 
later changed these colors to green, 
violet, and red. His theory is quite 
simple. We experience three dif- 


ferent color sensations, Light of 
different kinds excites these sen- 
sations in different proportions, 
and combinations of the three pri- 
mary sensations produce the vari- 
ety of visible i Young tried 
to find the simplest arrangement 
that would enable the eye to re- 
ceive and discriminate color. He 
did not attach much importance to 
the three colors as they were of 
an intuitive nature. It is not 
known what experiments he did 
to confirm this hypothesis, as he 
left no quantitative data. 

Young's work attracted no im- 
mediate attention. It remained for 
Helmholtz, fifty years later, to re- 
discover and adopt it with some 
modifications. In his Popular Lec- 
tures on Scientific Subjects, Helm- 
holtz states, “According to this 
theory, the perception of each of 
the three fundamental colours 
arises from the excitation of only 
one kind of sensitive fibers, while 
the two others are at rest; or at 
any rate are but feebly excited. A 
brilliant, pure colour produces a 
powerful stimulus, and yet, at the 
same time, a great degree of sensi- 
tiveness to the admixture of other 
colours, in those systems of nerve 
fibers which are at rest.’ This 
theory has come to be known as 
the Young-Helmholtz theory of 
color perception. 

About the time of Helmholtz’s 
work, Ewald Hering was develop- 
ing his own theory of color per- 
ception. These two brilliant men 
often found themselves on oppo- 
site sides of issues, and on color 
perception they differed widely. 
Helmholtz’s theories were of an 
empirical nature; Hering’s were of 
a nativistic outlook. Hering felt 
that “there is an ideated subjective 
visual space wherein the sensa- 
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tions of the separate nerve fibers 
are supposed to be registered ac- 
cording to certain innate ideas.”* 
He was intrigued by the repeated 
appearance of certain color pairs 
in an after-image situation. On the 
basis of his observations, he ex- 
plained color perception by a 
three-substance, six-color theory. 
He said that in the retina were 
three types of substances; a red- 
green, a blue-yellow, and a black- 
white substance, These can be 
stimulated by either of two op- 
posing reactions, dissimilation (or 
catabolism), giving the more vio- 
lent colors: white, yellow, or red; 
or assimilation (or anabolism) giv- 
ing the quieter colors: black, blue, 
or green. In addition to theory, 
Hering also developed numer- 
ous instruments and pieces of ap- 
paratus to measure mend color 
vision, helping to give the new 
science its nickname of “brass-in- 
strument psychology”. 

These two theories provided a 
contrast to each other for a num- 
ber of years until the close of the 
nineteenth century, when another 
theory, not based on either of the 
two, was proposed, This new the- 
ory of color perception, based on 
color deficiencies, arose from the 
discovery of color blindness, 

Christine Ladd-Franklin _ pro- 
posed this evolutionary theory of 
color vision in 1892. She said that 
monochromatism, or black and 


white vision, is the most primitive 
form of seeing. This is later 
evolved into a dichromatic vision 
by the addition of the ability to 
see blue and yellow. Finally, the 
addition of a green and red pair 
give trichromatism, or full color 
vision, This is based on studies 
that show that red-green color- 
blindness is more common than 
blue-yellow, and that monochro- 
matism is the rarest and therefore 
is lower on the evolutionary scale. 
She proposes four primaries: red, 
green, blue, and yellow, each per- 
ceived by a corresponding retinal 
cone. This part of her theory was 
motivated by an incongruity in the 
Young-Helmholtz theory; namely, 
that a red-green colorblind person 
could distinguish yellow, a color 
that was supposed to be a product 
of red and green. Colorblindness 
could be accounted for by four 
types of retinal cones. 

Since these theories were pre- 
sented, arguments for and against 
them have also been presented. 
Even today we cannot pick any 
one of the three and say with any 
degree of certainty that it is right. 
Later experimenters have shown 
that the retina of the eye con- 
tains two types of sensory recep- 
tors, “rods” and “cones”. The 
fovea, or small area upon which 
light from the center of the visual 
field is focused, contains cones 
only, and these cones decrease in 
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density with distance from the 
fovea, although no area of the 
retina is entirely without them. 
The cones are active in daylight 
vision, permitting both achromatic 
and chromatic vision, whereas 
only the rods are active in reduced 
illumination, permitting only ach- 
romatic vision. The way in which 
these rods and cones function is 
not known, and research is still 
underway to determine their pre- 
cise functions. Some attempts to 
find the functions have led to the 
conclusion that there are three 
specific types of paths for the elec- 
trical impulses generated when 
the retina is stimulated. Hartridge, 
by stimulating very small areas of 
the retina with white light, found 
that the resulting stimulus was 
either red, green, or blue, These 
tests were held to prove the exist- 
ence of three types of receptors 
in the human fovea. 

There has been little experimen- 
tation to prove or disprove either 
Hering’s or Ladd-Franklin’s the- 
ory. 

This, then, was the state of color 
perception principles until quite 
recently, when Dr. Edwin H. 
Land of Polaroid, Inc. doing re- 
search in another field, acciden- 
tally made an important discovery 
in color perception. In order to get 
the complete story, we must go 
back to the year 1885 when the 
physicist James Clerk Maxwell 


SUBTRACTIVE COLOR MIXTURE 


Tom Dedio 


These diagrams show how colors are mixed in the two mediums, pigment and light. The additive diagram shows the results of 
pigment mixture. The subtractive diagram shows the results of mixing colored light. 
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was doing his classic experiments 
in color photography. He discov- 
ered that “full-color pictures can 
be reproduced by making three 
black and white photographs of 
the same scene _ respectively 
through red, green, and blue fil- 
ters. If these photographs are pro- 
jected through the filters through 
which they were made, and are 
superimposed upon each other on 
a screen, a true full-color repro- 
duction of the original scene will 
be observed.”® 

Dr. Edwin H. Land of Pola- 
roid, Inc. repeated Maxwell's ex- 
periments in order to learn more 
about color in images for making 
color film. One day, he turned off 
the blue projector but, contrary 
to the predictions of classical 
three-color perception theory, the 
image on the screen retained much 
of its natural color. 

The major feature of his system 
is that the picture taken with light 
of longer wavelength must also be 
projected with light of longer 
wavelength. This system does not 
work in reproducing the solar 
spectrum, as the filters do not pass 
enough information. It also can- 
not reproduce “artificial random- 
ness,” showing that we need the 
“random variation that occurs in 
natural scenes if we are to see 
more than the colors predicted by 
classical color theory.”* It has also 
been shown by Land that neither 
the total intensity of the two pro- 
jection beams nor systematic al- 
teration of the intensity of either 
one has an effect on the colors 
seen. His theory can be summed 
up by saying, “Thus we see that 
the random point-to-point varia- 
tion in the relative intensities of 
the two colors projected on the 
screen is all the information the 
eye and mind need in order to 
perceive the entire visible spec- 
trum.” 

Land has devised a simple sys- 
tem of obtaining all colors by 
using any two colors as primary. 
The question now remains: Is this 
a new theory or merely a modifi- 
cation of one of the older ones, 
ie., the highly flexible Young- 
Helmholtz theory? Let us examine 
some of the evidence presented 
by both sides. 

Critics of Land’s work have said 
that his pictures are 1.) either 
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“memory” color, or 2.) subjec- 
tively possible, because a projec- 
tion beam of red and _ white 
through red and green filters con- 
tains all colors, and therefore noth- 
ing new has been discovered. Last 
May, at Cornell, Land showed 
some of his work, including a slide 
flashed on the screen for one- 
twenty-thousandth of a second. 
All those present recognized it as 
an American flag with green 
stripes, in spite of the “memory” 
of the flag as having red stripes. 
The subjectiveness of the colors 
seen is also not in question as color 
photographs of the projections 
show the true colors of the origi- 
nal scene. Land has shown full 
color pictures that have been 
taken and then projected through 
two filters in the yellow portion 
of the spectrum. This would show 
that color is possible, although in- 
sufficient visual information is 
present, according to classical the- 
ory. To test the “objectiveness” of 
the colors seen, even though a 
blue apple appears blue in the 
projections, a spectroscope was 
turned on the screen. It showed 
that the only colors on the screen 
were a mixture of red and white. 

Most other criticisms of Land's 
work have been answered success- 
fully. When an experimenter finds 
a series of data that conflicts with 
a previously accepted hypothesis, 
it is not enough for him to merely 
throw the old out; he must substi- 
tute a new explanation. Several 
theories have been advanced to 
explain Land's findings. These 
must be tested more thoroughly 
before any one or combination of 
several can be accepted as being 
correct. 

One theory, by Land, states that 
the human eye evolved to aid man 
in his natural environment; that is, 
not just to see sunsets, but to see 
tigers in the grass. He feels that 
by working with isolated color 
spots and surroundings, early ex- 
perimenters got off on the wrong 
track, He believes that “The 
proper test for human color vision, 
then, is a scene that, like the nat- 
ural scenes we evolved in, has 
highly complex forms, and highly 
complex and diversified color—the 
kind of scenes our eyes are called 
on to resolve in daily living.”’ The 
physicist-author, John W. Camp- 
bell, feels that the eye does not 


record color, but encodes it, The 
fact that we see full color using 
two shades of yellow for projec- 
tions makes it clear that we are 
not dealing with a simple measur- 
ing-and-reporting system, but 
rather with a complex encoding 
and decoding system that operates 
in terms of a longer and shorter 
wavelength of light. These two 
views would lend some weight to 
the almost ignored Ladd-Franklin 
hypothesis, 

A committee of Cornell under- 
graduates formed to work with 
the problem now have the belief 
that the eye needs two separate 
signals of the same scene in order 
to perceive color, One signal 
shows variation in densities, giving 
black and white. Two signals will 
measure two dimensions, contrast 
and color, Yet, these signals must 
be distinctly different. We could 
not get color when we used two 
long records or two short records, 
projecting them in the standard 
fashion. 

These experiments have raised 
questions as to the nature of light, 
such as why each end of the spec- 
trum fades out into purple and 
whether the human system is a 
linear system of perception. All 
these and many more questions 
remain which only research will 
answer. “Whatever the ultimate 
results of his work may be, Dr. 
Land has succeeded in shaking up 
the long-settled convictions of 
color theorists.”* The classical the- 
ories may prove to be right, in 
which case Land’s work will be 
incorporated into one of them, or 
they may be shown to be inade- 


quate, At this point no one knows. 
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Free fall in relativistic space? 
A complex meson field? 


Built-in return power for project 
Mercury? 


How is it related to binding energy? 


Gravity is both a bane and a boon to man’s 
efforts—and a thorough understanding of 
it is of great significance in the completion 
of Allison's energy conversion mission. 


Gravity conditions our thinking on ad- 
vanced assignments. For example, in 
outer space there is a disorientation of 
conventional design. The fact that large 
x8 WW accelerations can be obtained with low 
-_ NS thrust forces has taken us into the new field 
of electrical propulsion, ion and magneto- 

hydrodynamic rockets. 


In our inquiries, we supplement our own 
resources by calling on many talents and 
capabilities: General Motors Corporation, 
its Divisions, other individuals and organi- 
zations. By applying this systems engineer- 
ing concept to new projects, we increase 
the effectiveness with which we accom- 
plish our mission — exploring the needs of 
advanced propulsion and weapons systems. 


Division of General Motors, Indianapolis 6, Indiana 
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Energy conversion is our business 
JA LLISON 


What would V0 U do 
as an engineer at 


Development testing of liquid hydrogen-fueled rockets is car- 
ried out in specially built test stands like this at Pratt & 
Whitney Aircraft's Florida Research and Development Center. 
Every phase of an experimental engine test may be controlled 
by engineers from a remote blockhouse (inset), with closed- 
circuit television providing a means for visual observation. 
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Regardless of your specialty, you would work in a 
favorable engineering atmosphere. 


Back in 1925, when Pratt & Whitney Aircraft was 
designing and developing the first of its family of 
history-making powerplants, an attitude was born—a 
recognition that engineering excellence was the key 
to success. 


That attitude, that recognition of the prime impor- 
tance of technical superiority is still predominant at 
P&WA today. 


The field, of course, is broader now, the challenge 
greater. No longer are the company’s requirements 
confined to graduates with degrees in mechanical 
and acronautical engineering. Pratt & Whitney Air- 
craft today is concerned with the development of 
all forms of flight propulsion systems for the aero- 
space medium—air breathing, rocket, nuclear and 
other advanced types. Some are entirely new in 
concept. To carry out analytical, design, experimental 
or materials engineering assignments, men with 
degrees in mechanical, aeronautical, electrical, chem- 
ical and nuclear engineering are needed, along 
with those holding degrees in physics, chemistry 
and metallurgy. 


Specifically, what would you do?—your own engi- 
neering talent provides the best answer. And Pratt 
& Whitney Aircraft provides the atmosphere in which 
that talent can flourish, 


For further information regarding an engineering 
career at Pratt & Whitney Aircraft, consult your col- 
lege placement officer or write to Mr. R. P. Azinger, 
Engineering Department, Pratt & Whitney Aircraft, 
East Hartford 8, Connecticut. 


At P&WA's Connecticut Aircraft Nuclear Engine Lab- 
oratory (CANEL) many technical talents are focused 
on the development of nuclear propulsion systems for 
future air and space vehicles. With this live mock-up 
of a reactor, nuclear scientists and engineers can 
determine critical mass, material reactivity coefficients, 
control effectiveness and other reactor parameters. 


Representative of electronic aids functioning for P&WA 
engineers is this on-site data recording center which 
can provide automatically recorded and computed 
data simultaneously with the testing of an engine. This 
equipment is capable of recording 1,200 different 
values per second. 


Studies of solar energy collection and liquid and vapor 
power cycles typify P&WA's research in advanced 
space auxiliary power systems. Analytical and Experi- 
mental Engineers work together in such programs to 
establish and test basic concepts. 


PRATT & WHITNEY AIRCRAFT 
Division of United Aircraft Corporation 
CONNECTICUT OPERATIONS — East Hartford 
FLORIDA RESEARCH AND DEVELOPMENT CENTER — Palm Beach County, Florida 
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In this age of ballistic missiles, 
our radar warning system must be 
extremely powerful and sensitive. 
A few years ago, radar had only to 
look for airplanes, comparatively 
large and slow-moving _ targets. 
Today and in the future, our de- 
fense radar must be able to spot 
the small and fast-moving targets 
provided by missiles. This calls 
for the constant development of 
more powerful and efficient radar. 

For several years, the Cornell 
Aeronautical Laboratory at Buf- 
falo, New York, has been conduct- 
ing radar research for the Ad- 
vanced Research Projects Agency 
of the Defense Department, under 
the direction of the Army Rocket 
and Guided Missile Agency. Re- 
searchers in this project, the High 
Power Project, believe that the 
answer to the need for more 
powerful radar lies in high power 
microwave radar waves of less 
than thirty centimeters wave 
length. Working with wave lengths 
of about ten centimeters, the 
Cornell Aeronautical Laboratory 
has found that radar of much 
greater peak power than that be- 
ing used today can be built. 

The first major accomplishment 
of the Laboratory was made about 
two years ago: their radar trans- 
mitter emitted a twenty-one mega- 
watt peak power beam during 
each pulse. This shows what pro- 
gress the High Power Project had 
made, for, even today, a 2.5 mega- 
watt transmitter is considered 
powerful. 

At a new location ten miles 
northeast of the Laboratory, 
Cornell radar research men are 
now experimenting with a trans- 
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Research at Cornell... 


HIGH POWER MICROWAVE 
RADAR PROJECT 


by Howard Clapsaddle, ChemE °65 


mitter capable of fifty megawatts 
of peak power. The transmitter’s 
parabolic antenna, sixty feet in di- 
ameter, is mounted on a fifty-foot 
tower. The tower is, in turn, bolted 
to a concrete foundation twenty 
by twenty by six feet, which rests 
on bedrock. The whole antenna as- 
sembly is perforated to cut down 
wind resistance and prevent the 
accumulation of snow and rain, It 
can be pointed in essentially any 
horizontal or vertical direction, 
and its speed of tracking adjust- 
able at a rate of ten degrees per 
second with a precision of one 
minute in the final adjustment. 
To emit very high power micro- 
waves, the Cornell Aeronautical 
Laboratory's radar equipment in- 
corporates improvements over con- 
ventional radar. Its waveguide 
(which transmits microwaves to 
the feed unit, where they are emit- 
ted) is pressurized with a gas 
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Cornell Aeronautical Lab. 
Feed Unit for 21-Megawatt Transmit- 
ter. It operates with the inner section 
either evacuated or pressurized with di- 
electric gas; the outer section between 
the Mylar window and the plastic bal- 
loon is filled with a dialectric gas slight- 
ly above atmospheric pressure. At the 
point where energy emerges through the 
Mylar window, the dimensions of the 
horn feed unit are such that ionization 
and resulting breakdown would occur at 
eight megawatts. 


dielectric, This type of waveguide 
is more efficient than the conven- 
tional evacuated waveguide, which 
has a power loss due to ionization 
ef air. The feed unit is an im- 
proved type, capable of emitting 
pulses of more than fifty mega- 
watts. The duplexer, a device al- 
lowing the antenna to be used as 
both transmitter and receiver, is 
especially designed to handle the 
unconventionally high power of the 
radar. 

The High Power Project has sev- 
eral important goals. One of these 
is to determine the optimum power 
level of high power radar which 
will bring about the most desirable 
ratio of signal to noise. Noise is 
caused by unwanted waves, such 
as thermal waves emitted by the 
earth, being received at the anten- 
na. Dielectric materials — mate- 
rials which do not interfere with 
or conduct electromagnetic waves 
—must be found that can with- 
stand very high potentials. An- 
other pressing problem is to de- 
termine the peak and average 
power limits of transmission lines 
and duplexers. 

The Cornell Aeronautical Lab- 
oratory has shown that new ma- 
terials and types of equipment can 
endure power loads which were 
previously thought to be much too 
high for practical use, and that high 
power microwave radar is a pos- 
sibility for defense radar. The past 
success of the High Power Project 
is a good indication that the pres- 
ent goals of the Laboratory will 
be reached, and that multimega- 
watt microwave radar will become 
operational as part of our defense 
system. 
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“IT’S HERE-IF YOU WANT TO WORK FOR IT” 


Even before Ron Spetrino received his engi- 
neering degree from Case he had good job offers 
from six companies. 

He joined The Ohio Bell Telephone Company 
—his reason: “I was convinced an engineer could 
go further here—if he was willing to work for it.” 


As soon as Ron got his feet on the ground 
in telephone engineering, he was tapped for a 
tough assignment. The job—to engineer switch- 
ing equipment modifications needed to prepare 
Cleveland for nationwide customer dialing of long 
distance calls. 


Ron wrapped it up in five months, and found 
he had earned a shot at another tough assignment. 
In this job Ron helped engineer a completely new 
long distance switching center for Cleveland. This 
switching center connected Cleveland with the 
nationwide customer dialing network. It was 
about a year later that Ron put the finishing 


touches on the specs for this $1,600,000 project. 

Today, as a Supervising Engineer, Ron heads 
a staff of five engineers and is responsible for 
telephone switching in much of the greater 
Cleveland area. 

He supervises the design and purchase of $3 
million worth of equipment a year. And even 
more important, he is charged with developing 
the technical and managerial skills of his staff. 

Ron knows what he’s talking about when he 
says, ‘In this business you have to do more than 
a good job. We expect a man to be a self-developer. 
We expect him to take responsibility from his 
first day on the job and think for himself. You 
don’t get ahead around here by just doing time.” 

If you want a job in which you're given every 
chance to prove yourself, and real responsibility 
right from the start—you’'ll want to see your Place- 
ment Office for further information. 


“Our number one aim is to have in all 
management jobs the most vital, intelli- 
gent, posilive and imaginative men we 


can possibly find.” 


Freperick R. Kapre., President 
American Telephone & Telegraph Co. 
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ENGINEERING NOTICE: 


ENGINEERS and SCIENTISTS 
with BS, MS or PhD Degrees 


ASSIGNMENT: 
Select the company where you will move ahead 
in your engineering or scientific careers. 


FACTORS TO BE CONSIDERED: 
Which companies offer opportunities for the 
most significant accomplishments in the years to 
come? Which companies place the engineer or 
scientist in a truly professional status? What 
types of projects do these companies have in 
which opportunities are available? 
For your consideration, here are some of the 
reasons why we believe the individual challenge 
is greater, the potential professional advancement 
Surerat... 
MARTIN 
BALTIMORE 


COMPANY POTENTIAL: 

Martin is the leader in missile/space engineering, 
technology and production. Martin has achieved 
universal recognition for its problem-to-hardware 
capabilities. It has the experience, the engineer- 
ing, scientific and production know-how to con- 
tinue to lead the way. 


SOME MARTIN PROJECTS: 
Assignments are available on TITAN, DYNA- 
SOAR, APOLLO, MACE, PERSHING, SPACE 
VEHICLE and SATELLITE projects . . . also 
in our NUCLEAR DIVISION and in our inde- 
pendent RESEARCH DEPARTMENT. 


PROFFSSIONAL ATMOSPHERE: 
Martin is a company that fully respects the pro- 
fessional status of engineers and scientists. Our 
top executives are engineers. Ours is an engineer- 
ing-oriented company. 


% 


TYPES OF SPECIALTIES NEEDED: 
In our Electronics Division, we have assignments 
to work in ground electronics, radar, sonar, 
instrumentation, reliability, transistor circuitry, 
communications, countermeasures, reconnaissance 
systems, guidance and control systems, infra-red, 
ete. 

In our Weapons Systems Division, we have 
assignments on “aero-missile” applications, liquid 
rocket propulsion, flight dynamics, structural 
dynamics, thermodynamics, mechanical ground 
support equipment, ordnance systems. 

In our Nuclear Division, there are opportunities 
in the compact reactor program, nuclear rocket 
propulsion systems, the direct conversion R & D 
program and related nuclear physics programs. 


In our Research Department, there are potential 
assignments for Engineers and Scientists with 
advanced degrees for research involving metal- 
lurgy, plastics and ceramics chemistry, general 
and solid states physics, mechanics, aerophysics, 
cryogenics, communications theory, physiology 
(plant), thermodynamics and other specialties. 


ADVANCED DEGREE PROGRAM: 
At Martin-Baltimore, the Drexel Institute of 
Technology offers courses leading to the degree 
of Master of Science in aeronautical, electrical 
and mechanical engineering. Financial assistance 
is offered to employees engaged in graduate 
study. 


COMPANY LOCATION: 

Our plant is located in beautiful Maryland, the 
land of gracious living, the Colts, the Orioles, 
splendid music and drama seasons, the Chesa- 
peake Bay, fabulous seafood and ideal — yet 
economical—family living. 


FOR FURTHER INFORMATION ABOUT MARTIN-BALTIMORE 
CONTACT YOUR PLACEMENT OFFICER OR WRITE TO: 


MR. D. S. REED, COLLEGE RELATIONS, THE MARTIN COMPANY, Baltimore 3, Maryland 
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HOW ENGINEERS MAKE NEW DESIGNS POSSIBLE AND PRACTICAL 


Inco Nickel helps give engineers the solution 
to metal problems in new radio telescope 


How do you design a precision instru- 
ment that will “see” 38 billion light 
years into space? This problem was 
answered by the engineers working 
on this revolutionary, new radio 
telescope. 

But these engineers faced another 
challenging problem—How do you 
actually build it? How do you build 
a telescope as tall as a 66-story build- 
ing with a reflector so big it could 
hold six football fields? 

How do you build a rotating mecha- 
nism that can swing this giant up or 
down, or sideways, to aim at any spot 
in the Universe with pin-point accu- 
racy? Just the tiniest amount of wear 
or distortion in this mechanism could 
throw the telescope millions of miles 
off target in the far reaches of space! 

Where could they get construction 
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materials tough and strong enough? 
Nickel gave them the answer! Nickel 
in steel gave these engineers a mate- 
rial tough enough to maintain pre- 
cision in the rotating mechanism even 
under the anticipated 20,000-ton load. 
And Nickel, to be used in the steel 
members, gave them the high strength 
at minimum weight needed to sup- 
port the giant reflector. 

The radio telescope is one of the 
many developments in which Nickel 
has solved important problems. Most 


probably you, yourself, in the near 
future, will be faced with problems 
just as difficult. When you are, you can 
count on Nickel—and the cooperation 
of Inco — to help get the job done... 
and done right! 

If you'd like to get acquainted with 
Nickel steels, write us for a copy of, 
“Nickel Alloy Steels and Other Nickel 
Alloys in Engineering Construction 
Machinery.” Educational Services, 
The International Nickel Company, 
Inc., New York 5, N. ¥. 


International Nickel 


The International Nickel Company, Inc., is the U. S. affiliate of The International Nickel 
Company of Canada, Limited (Inco-Canada) — producer of Inco Nickel, Copper, Cobalt, 
Iron Ore, Tellurium, Selenium, Sulfur and Platinum, Palladium and Other Precious Metals, 
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“The objects of Cornell University, 


its graduates and former students, and 


to establish closer 


ips between the College ana its alumni.” 


THE PRESIDENT’S LETTER— 


In the November letter | mentioned that the Execu- 
tive Committee had approved submitting a new Con- 
stitution and By-Laws to the membership at the 
Annual Meeting in May 1961. In the following pages 
the proposed Constitution and By-Laws are shown. 
The changes included in these proposals deal pri- 
marily with the wording of the purposes of the So- 
ciety and have been designed to comply with current 
Internal Revenue Service rulings to insure that we 
will not be subject to taxes. Changes also bring up to 
date formation and duties of the current committees. 
I hope you will all read these carefully and let me 
have any comments you may care to make, A great 
deal of credit goes to Rox Fuller and his committee 
for the large amount of research work that went into 
this project and I hope that it meets with the general 
approval of our membership. 
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Red Zeman of Cleveland reports that they had a 
bang-up luncheon meeting on February 4 at the 
Union Club. This meeting was sponsored by the 
Cornell University Council] and put on by the joint 
efforts of the Society of Engineers and the Cleveland 
Alumni Club. 265 people were in attendance which 
included 24 prospective students and their parents. 
Among the speakers was Professor Robert L. Sproull, 
Class of ‘40, Director of the New Materials Science 
Center. 

Our next meeting in New York will be the Annual 
Meeting on May 4 at the Engineers’ Club, 32 West 40 
Street. We will have as our guests at this meeting the 
prospective freshmen who have been accepted in the 
Engineering College. | hope we will see a lot of you 
there. 

O, GuNnsaLus 
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PROPOSED 
CONSTITUTION 


Article I—Name and Purpose 


Section 1—The name of this Society 
shall be the Cornell Society of Engi- 


necrs. 


Section 2--The purpose of the organi- 
zation shall be solely charitable for the 
advancement of engineering education 
or science, to wit: to promote the wel- 
fare of the College of Engineering of 
Cornell University and to foster a closer 
relationship than would otherwise be 
the case between the College and its 
alumni, for the benefit of that institu- 
tion, 


Article Il—Funds 


Section 1—All funds accruing to this 
Society from whatever source shall be 
used for the purposes above mentioned 
and no others, except for ordinary run- 
ning expenses. In the event of the dis- 
solution of this Society, all funds re- 
maining to its credit after payment of 
its just debts shall become the property 
of Cornell University, to be used for the 
benefit of the Engineering College. 


Section 2—-No part of the funds of this 
society shall inure to the benefit of any 
member, except as he be indirectly a 
beneficiary of its normal charitable and 
educational endeavors, 


Article I1l—Fiscal Year 


Section 1—The fiscal year of this so- 
ciety and of each Regional Section 
thereof shall run from July 1 in each 
year to the following June 30. 


Article IV—Executive Committee 


Section 1—The entire charge and con- 
trol of this society and its affairs, funds 
and property shall be vested in an ex- 
ecutive committee, subject only to the 
provisions of this constitution and the 
by-laws of the society 


Section 2—-The Executive Committee 
shall consist of the President, who shall 
be ex-officio chairman, the other duly 
elected officers, the three most recent 
living past presidents, two alumni rep- 
resentatives of each Engineering School, 
the chairmen of standing committees 
and the honorary officers 


Section 3—-The Executive Committee 
shall meet at least twice a year, one of 
which meetings shall be within a week 
prior to the Annual Meeting of the So- 
ciety. Other meetings of the Executive 
Committee may be called at the dis- 
cretion of the President, and shall be 
called at the request of any three mem- 
bers of that committee. 


Section 4—Seven members of the Ex- 
ecutive Committee shall constitute a 
quorum, except that no more than three 
of the members counted toward a quo- 
rum may be honorary officers. 


Section 5—The Executive Committee 
shall have the power to remove from 
office any officer or committee member, 
or to expel any member of the society 
for good cause, upon due notice and 
after a hearing, by vote of three-fourths 
of the committee members present. 


Section 6—A vacancy in any office of 
the society, other than that of Presi- 
dent, shall be filled by the Executive 
Committee at its next meeting, for the 
balance of the unexpired term. 
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Article V—Membership and Dues 


Section 1—The following persons shall 
be eligible for membership: 

(a) Those who have at some time 
been registered in the College of Engi- 
neering of Cornell University as candi- 
dates for an undergraduate or graduate 
degree. 


(b) Those who are or have been 
members of the Engineering Faculty at 
Cornell University. 

(c) Those alumni of other colleges 
or departments of Cornell University 
who are actively engaged in the practice 
of engineering; subject, however, to ap- 
proval by the Executive Committee of 
the Society in each case coming under 
this classification. 


Section 2—-Membership shall be on a 
yearly basis, running from July 1 to June 
30. 


Section 3—Any eligible person shall be- 
come a member upon payment of dues 
for the current year. 


Section #—Dues shall be at the rate 
prescribed in the By-laws. The accept- 
ance by the society of advance payment 
of dues shall continue membership in 
force for the period covered by the ad- 
vance payment, even though the dues 
may have been increased subsequent to 
the receipt thereof. 


Section 5—-No part of dues nor any 
advance payment thereof shall be sub- 
ject to refund for any reason. 


Section 6—The society shall make avail- 
able to its members a membership cer- 
tificate, of such form and under such 
conditions as prescribed in the By-laws. 


Section 7—-Honorary membership may 
be granted by the Executive Committee 
jor outstanding service to Cornell Uni- 
versity or to the Engineering profession ; 
such membership to be on a_ yearly 
basis, unless otherwise determined by the 
Executive Committee in each case. 

The Dean of the College of Engineering, 
the Asssistant Deans and the Director 
of each School or Department recom- 
mending the granting of engineering 
degrees shall be ex-officio honorary mem- 
bers, each for the term of his respective 
office. 

Honorary members shall be exempt from 
the payment of dues, and shall be en- 
titled to all the rights and privileges of 
membership, including the rights of 
voting and of holding office. 


Article VI—Officers 


Section 1—The officers of this society 
shall be a President, an Executive Vice 
President, a Secretary and Treasurer 
who may be the same or separate per- 
sons, a Recording Secretary, and a Mem- 
bership Secretary. 


Section 2—These officers shall be elect- 
ed and installed at the Annual Meeting 
of the Society, to hold office for one 
year from the ensuing July 1, or until 
their successors are duly elected and 
take office 


Section 3—Each duly constituted Re- 
gional Section of the Society shall at its 
annual meeting elect a President to 
serve for one year, from the ensuing 
July 1, who shall by virtue of that 
election become a Regional Vice Presi- 
dent of the Society and a member of its 
Executive Committee. 


Section 4—Regional Sections may elect 
such other regional officers as may 


necessary or convenient for the trans- 
action of the business of their sections. 


Article VII— Duties 


Section 1—The President shall be the 
executive head of this Society, and shall 
preside at meetings of the Society and 
of the Executive Committee. He shall 
be ex-officio Chairman of that commit- 
tee and a member of all other commit- 
tees, except the Nominating Committee. 
He shall appoint such standing or tem- 
porary committees and make such other 
appointments as provided in the By- 
laws or as directed by the Executive 
Committee, with the advice and consent 
of that committee. It shall be his duty 
to see that the Constitution and By- 
laws are upheld, to supervise the work 
of the various committees, to call meet- 
ings of the Society and its Executive 
Committee, and otherwise to promote 
the interests of the Society. He shall 
make and cause to be published an an- 
nual report of the Society. 


Section 2—The Executive Vice Presi- 
dent shall, in the President's absence, in- 
capacity, resignation or removal, act in 
his stead. When so acting, he shall as- 
sume all the rights and duties of that 
office. He shall assist the President in 
all the affairs of the Society, and shall 
perform such other duties as the Execu- 
tive Committee may direct. 


Section 3—The Secretary shall carry on 
the correspondence of the Society and 
shall during his term of office maintain 
a file of its correspondence and other 
records, which he shall deposit in the 
archives of the Society at the conclu- 
sion of his term. He shall, under the 
direction of the President, give notice 
of meetings of the society and of the 
Executive Committee, and shall perform 
such other duties as the Executive Com- 
mittee may direct. 


Section 4—The Treasurer shall main- 
tain the funds of the Society and shall 
disburse them under the direction of 
the Executive Committee. He shall keep 
careful account of receipts and expendi- 
tures and shall report upon the financial 
condition of the Society at each meet- 
ing of the Executive Committee. He 
shall, immediately upon taking office, 
cause an audit of the financial opera- 
tions of the previous year, to be made 
by an independent auditor, which audit 
shall be presented for approval to the 
Executive Committee at its fall meeting. 
He shall be responsible for the prepara- 
tion and submission to the Executive 
Committee at its fall meeting of a 
budget forecasting the year’s operations, 
and shall be responsible for the main- 
tenance of expenditures within that 
budget. 


Section 5—The Recording Secretary 
shall keep the minutes of meetings of 
the Executive Committee and of the 
Society, and shall see that minutes of 
each such meeting are published to the 
members of the Executive Committee 
promptly following the meeting. He shall 
be responsible for maintaining the ar- 
chives of the Society, and shall see that 
copies of all reports, all budgets, and all 
minutes of meetings are deposited there- 
in. 


Section 6—The Membership Secretary 
shall maintain an accurate record of the 
membership. He shall maintain a safe re- 

itory for the archives of the Society. 
He shall regularly transmit to the editors 
of the Cornell Engineer orders indicating 
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the number of copies of each issue to 
be printed for the account of the Society 
and shall see that the mailing records 
are properly maintained. He shail record 
orders for membership certificates and 
issue instructions for their execution. He 
shall receive and deposit to the account 
of the Society payment for dues, mem- 
bership certificates and other funds and 
shall render an accurate accounting 
thereof to the Treasurer. 


Article VIII—Meetings 


Section 1—There shall be at least two 

meetings of the Society during each fis- 

cal year, one of which shall be the An- 

nual Meeting, and shall be held during 

= Les half of May, in the city of New 
ork. 


Section 2—Other mectings may be held 
at such times and places as may be di- 
rected by the Executive Committee. 


Article [X—Regional Sections 


Section 1—A_ regional section of the 
Society shall be set up upon the petition 
of any twenty members of the Society, 
or whenever, in the opinion of the Ex- 
ecutive Committee, the number of Cor- 
nell Engineers and the degree of interest 
in any locality shall warrant. 


Section 2—Each section shall have the 
power to elect such officers as it sees fit, 
and to carry on such other activities as 
are consistent with the purposes of the 
Society. 


Section 3—Each regional section shall, 
immediately following its annual meet- 
ing and election of officers, inform the 
Secretary of the Society of the names 
and addresses of those officers. 


Section 4—The duly elected President 
of each regional section shall automati- 
cally become a Regional Vice President 
of the Society, and a member of the 
Executive Committee 


Section 5—The Society shall provide 
such financial and other assistance to 
each regional section as specified in the 
By-laws or as directed by the Executive 
Committee. 


Article X—Amendments 


Section 1—Amendments to this Consti- 
tution, after approval by the Executive 
Committee, may be adopted by majority 
vote of those present and voting at any 
annual meeting or at any special meet- 
ing of the Society called for that pur- 
pose, provided notification of the pro- 
posed change is made in the announce- 
ment of the meeting, and further pro- 
vided that the membership has been 
notified of the proposed change at least 
ten days prior to the meeting. 


Section 2—Publication of the proposed 
change in an issue of the official publi- 
cation of the Society mailed fifteen days 
prior to the meeting shall constitute 
sufficient notice to the membership. 


Section 3—Articles I and II of this 
Constitution shall not be amended. 


PROPOSED 
BY-LAWS 
Article I—Headquarters 


Section 1—The Society shall maintain 
a headquarters in the City of New York, 
where mail addressed to the Society may 
be received, and where the archives and 
membership records shall be maintained. 
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Section 2—The headquarters may for 
convenience be located in the office of 
the Cornell Club of New York, or of the 
Cornell University Placement Service. 


Section 3—The headquarters will ordi- 
narily be under the direct supervision of 
the Membership Secretary. 


Article I1—Funds 


Section 1—The funds of the Society 
shall be kept in such depository (ies) as 
from time to time may be designated by 
the Executive Committee. 


Section 2—Withdrawal, payment or 
transfer of the funds of the Society shall 
upon the signature of the Treasurer, 
or if the Treasurer be unable to act, 
upon the signature of the President. 


Section 3—Withdrawal, ayment or 
transfer shall be made only by explicit 
authorization of the Executive Commit- 
tee in each case. 


Section 4—In the case of current run- 
ning expenses, submission and approval 
ef an itemized Treasurer's report at a 
subsequent meeting of the Executive 
Committee shall be construed to have 
been adequate authorization. 


Section 5—Funds of the Society may 
be expended, under the direction of the 
Executive Committee for: 

A. Gifts to the Engineering College, 
or to Cornell University for the benefit 
of the Engineering College. 

B. Prizes for scholarship or engineer- 
ing excellence, or the like. 

C. Organizational support 
gional Sections of the Society. 

D. Promotional activities to secure 
suitable candidates for admission to the 
Engineering College at Cornell Univer- 
sity. 

E. Support of the Cornell University 
Placement Service. 

F. Such other charitable purposes for 
the advancement of engineering educa- 
tion or science as may from time to time 
be authorized by the Executive Com- 
mittee. 


of Re- 


Article 


Section 1—Dues for membership in the 
Society shall be Five Dollars per year, 
payable in advance. 


Section 2—Dues received during the 
year shall run only to the end of the 
Society's fiscal year, except that dues 
received during May or June shall cover 
the following fiscal year. 


Section 3—Membership shall be free 
upon application to those who are eli- 
gible, during the year following the 
graduation of their class from Cornell 
University. 

Section 4—Subscription to the Official 
Publication of the Society shall be in- 
cluded in the dues charged. 


Section 5—Dues, separate from those 
charged by the Society, shall not be 
charged by the Regional Sections. How- 
ever, nothing in this section shall pre- 
clude the assessment of charges to cover 
the costs of individual Section meetings. 


Section 6—Upon request by any Re- 
gional Section, including a list of paid 
members of that Section, the Executive 


Committee shall authorize the payment 
to the Section of One Dollar for each 
such paid member for running expenses. 


Article IV— 
Engineering School Representatives 


Section 1—Two alumni representatives 
from each Engineering School shall be 
appointed by the President with the 
concurrence of the Executive Committee. 


Section 2—-The term of office of such 
school representative shall be two years. 


Article V—Committees 


Section 1—Committee Chairmen and 
members shall be appointed by the 
President, with the advice and consent 
of the Executive Committee. 


Section 2—Standing committees shall be 
those having continuing charge of vari- 
ous aspects of the operations of the 
Society, as specifically listed below. 


Section 3—-Special Committees may 
from time to time be set up for specific 
purposes, by authorization of the Execu- 
tive Committee. 


Section 4—Representatives of the So- 
ciety on the Engineering College Coun- 
cil, and on the University Committee 
on Alumni Trustee Nominations shall be 
considered Standing Committee Chair- 
men. 


Section 5—The Chairman of cach 
Standing Committee shall be, or upon 
appointment and confirmation shall auto- 
matically become, a member of the Ex- 
ecutive Committee. 


Section 6—-The terms of office of the 
representatives on the Engineering Col- 
lege Council and on the University 
Committee on Alumni Trustee Nomina- 
tions, except those appointed to fill the 
unexpired terms of previous incumbents, 
shall each be three years, to expire on 
the June 30 next following the expira- 
tion of that period from the date of 
appointment. 


Section 7—Where more than one rep- 
resentative of the Society shall be ap- 
pointed to any such board as listed in 
Section 6, appointment for shorter terms 
may initially be made, so that the terms 
of the representatives will overlap. 


Section 8—The terms of all other com- 
mittee chairmen and members shall ex- 
pire on the June 30 next following ap- 
pointment, unless upon the earlier ren- 
dering of a final report the committee 
shall be discharged of its duties. 


Section 9—The chairman of each com- 
mittee shall report to the Executive 
Committee upon demand, and _ shall 
render a final report at the annual 
meeting of the Executive Committee. 


Section 10—Committee members are in- 
vited to meet with the Executive Com- 
mittee, but except for the Chairmen, 
have no vote therein. 


Article VI—Duties 


Section 1—In addition to those speci- 
fied in the Constitution, the following 
are duties of the persons or committees 
indicated : 


Section 2—President 

A. (Immediately upon election) Ap- 
pointment of committees and represent- 
atives. 

B. (During the summer) Obtaining 
lists of regional officers from the re- 
gional sections. 
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C. Making and disseminating a roster 
of the Executive Committee. 

D. Setting up the summer meeting 
of the Executive Committee. 

_E. Forwarding sample signatures of 
himself and the Secretary to the Uni- 
versity Printer for reproduction on mem- 
bership certificates. 

F. (Prior to September 5, and prior 
to the fifth of each succeeding month 
including May 5) Preparation of the 
“President's Letter” for publication in 
the Cornell Engineer. The first letter 
should be accompanied by copy for a 
new masthead. 

G. (Periodically) Calling of, and no- 
tification of members concerning Execu- 
tive Committee meetings, 

H. (At end of year) Preparation of 
“Annual Letter,” obtaining copy for the 
Dean's report, and arranging for publi- 
cation. 

I. Preparation of letter to new grad- 
uates and other material for inclusion 
in Annual Letter. 

J. Maintenance of close liaison be- 
tween the Administration of the Engi- 
neering College and the Society. 


Section 3—Secretary 

A. (Immediately upon election) Ar- 
ranging for new letterheads and distrib- 
uting them among the officials of the 
Society as needed. 

B. (Prior to the Annual Meeting) 
Obtaining from the Admissions Office a 
list of the accepted candidates for ad- 
mission to the Engineering College in 
the metropolitan area, and in conjunc- 
tion with the President, determining the 
list of invitations to the Annual Meeting. 

C. (At the Annual Meeting) Intro- 
ducing an appropriate resolution to 
cover withdrawal of funds from the 
banks. 

D. (Following the Annual Meeting) 
Obtaining and preparation of signature 
cards, and notifying the banks of the 
new officers authorized to withdraw 
funds. 


Section 4—-Treasurer 

A. (Immediately upon election) Ob- 
taining the books of the Society from the 
outgoing Treasurer. 

B. (After submission of the audit) 
Reconciling any discrepancies which may 
be found. 

C. (Monthly) Reconciling the bank 
statements. 

D. Maintaining the books of the So- 
ciety in such form as directed by the 
Executive Committee. 


Section 5—Membership Secretary 

A. Maintaining a list of those who 
customarily attend meetings. 

B. Keeping a record of those whose 
memberships are paid in advance. 

C. Arranging for suitable enclosures 
concerning membership with the Annual 
Letter. 

D. (In May) Obtaining from the En- 
gineering College a list of those ex- 
pecting to receive degrees in June. 
Section 6—Archives Committee: Peri- 
odically to collate and edit the archives, 
to cause two copies of the minutes of 
Executive Committee Meetings, Treas- 
urer’s reports and President's Annual 
Letter to be bound in book form, by 
years, and to deposit one copy in the 
archives of the Society and one copy 
in the Engineering College library. 
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Electrical and Mechanical Engineers 
and Physicists 


offers you real opportunity 


County 


offers you real living 


This is the newly opened Norwalk, Connecticut, home of the Norden 
Division of United Aircraft Corporation. It’s a multi-million dollar 
engineering-research and manufacturing facility with much to offer 
this year’s engineer. 


Here you will find modern laboratories and the finest test equipment. 
And here you will find challenge to match. 


Presently our challenging engineering programs include: Advanced 
weapons delivery systems for new jet aircraft, 3-Dimensional Terrain 
Presentation for Aircraft, Meteorological Radar, Automatic TV 
Tracking Theodolites, Space Instrumentation Systems, electronic 
scoring machines and systems, digital devices and computers, and 
automated ship studies. 


Norwalk is located in beautiful Fairfield County, just 41 miles from 
New York City. The community boasts the largest art center in the 
East, a symphony orchestra, golf courses, swimming beaches, and 
excellent boat basins. Here is family living at its best. 


Excellent tuition refund plan for graduate study is available. 


For more on opportunities available to engineers and 
o is physicists at Norden, visit your Placement Office 
or write to Technical Employment Mgr. 


NORDEN pivision oF 
| UNITED AIRCRAFT CORPORATION 
Norwalk, Connecticut 
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We're not looking for a 
direct answer. 

This is just to remind you 

that a good knowledge of 
miniaturization is worth having 
— wherever you go in the 
world of engineering. 


Keeping engineering minds 
well-informed on the latest 
progress in — and with — 
MPB miniature and instrument 
bearings is one of our main 
objectives. MPB bearings ore 
made in over 500 types and 
sizes, with O.D.'s from 5/8” 
to 1/10”. They are used in 
over 16,000 applications, 
ranging from dental 
handpieces to missile systems. 
Magnificent Miniatures, 

a 16mm color and sound film, 
pictures the manufacture and 
uses of MPB bearings. The new 
comprehensive MPB catalog 
with basic engineering informa- 
tion, describes the complete 
line and many applications. 
Both cre available to your 
class or group, without charge, 
from Miniature Precision 
Bearings, Inc., 27 Precision 
Park, Keene, N. H. 


Helps you perform 
miracles in instrumentation 
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Section 7—Awards Committee: Arrang- 
ing for the presentation and marking of 
awards for Engineers Day and other 
awards as authorized by the Executive 
Committee. 


Section 8—Meetings Committee: Ar- 
ranging for meetings of the Society, ob- 
taining and entertaining speakers, send- 
ing out meeting announcements, obtain- 
ing names of those present, collecting 
charges, if any, and transmitting collec- 
tions to the Membership Secretary for 
deposit. 

Section 9 — Membership Committee: 
Preparing and mailing two follow-up let- 
ters yearly following the Annual Letter, 
to be mailed in September and Novem- 
ber, respectively. 


Section 10—Nominating Committee: In 
addition to recommending to the Execu- 
tive Committee nominations for officers 
of the Society, to observe the diligence 
and interest of committee members and 
other members of the Society and to rec- 
ommend to the President and the Execu- 
tive Committee the appointment of those 
who appear qualified. 


Section 11—Placement Committee: To 
act in liaison with the Cornell Univer- 
sity Placement Service and otherwise to 
furnish assistance in the employment of 
Cornell Engineers. 


Section 12—Publications Committee: To 
recommend, and under the instructions 
of the Executive Committee to imple- 
ment directives relating to the official 


| publication of the Society, including fees 


charged and to prepare and publish such 


| other publications as the Executive Com- 
| mittee shall direct. 


| Section 13-——Publicity Committee: To 


see that notices of meetings and other 
publicity relating to the Society are 
printed in the Alumni News, the Cornell 
Engineer and elsewhere, and through all 
proper means to see that ihe Society and 
the advantages of membership therein 
are brought to the attention of the pub- 
lic. 

Section 14—Regional Sections Commit- 
tee: To promote the formation and ef- 
fective operation of regional sections, to 
maintain close liaison with the officers 


| thereof by periodic visitation and other- 


wise. 


Article Vil—Regional Sections 
Section 1—It is not contemplated that 
Regional Sections shall maintain sep- 
arate treasuries, except for the limited 
funds required for routine expenses. 


Section 2—Upon demand, any Regional 
Section duly organized or in process of 
organization may be advanced $100.00 
per year by the Treasurer of the Society 
toward anticipated receipts. 


Section 3—To a limited degree, the So- 
ciety may underwrite excess costs of an- 
nual or other special regional meetings. 
Each such case should be taken up with 
the Regional Sections Committee and ap- 
proved by the Executive Committee. 


Article VIII—Official Publication 


Section 1—The official publication of 
this Society shall be the “Cornell Engi- 
neer,” a magazine published by engineer- 
ing undergraduates of Cornell Univer- 
sity. 

Section 2—-Each member of the Society, 
including honorary members and those 
holding free memberships, shall receive 
the official publication. 


Section 3—The first issue in the fall 
shall be sent to all those who were mem- 
bers during the previous year. 

Section 4—Those paying their dues after 
the second issue is mailed shall receive 
only those issues remaining until the end 
of the year. 


Article IX—Membership Lists 


Section 1-—Six different lists shall be 
maintained by the Membership Secre- 
tary: 

A. A list of currently paid members. 

B. A list of those whose memberships 
were paid for the previous year, but not 
currently. 

C. A list of those who have been paid 
members at some time within five years, 
but who have not been paid members 
for the last two years. 

D. A list of those whose memberships 
have been paid in advance. 

E. A list of honorary members (in- 
cluding honorary officers.) 

F. A list of those new graduates who 
have accepted free membership. 


Section 2—-Separate lists shall be main- 
tained of those members affiliated with 
each Regional Section. 


Article X—Membership Certificates 


Section 1—Membership certificates shall 
be of the form prescribed by the Execu- 
tive Committee, 8” x 10” in size, printed 
in black with the letters SCE under- 
printed in red, and shall carry the sig- 
natures of the President and the Secre- 
tary 

Section 2—Each certificate shall have 
imprinted upon it the member's full 
name, and the date of issue. Certificates 
will not be issued bearing nicknames, 
but an initial may be substituted for one 
given name if insisted upon by the mem- 
ber 

Section 3—Dearees granted by Cornell 
University will be imprinted after the 
member's name, if requested. 

Section 4—Deegrees granted by other in- 
stitutions will be imprinted upon request 
only if the request is accompanied by 
satisfactory evidence of the granting of 
such degree(s) 

Section 5—Certificates will be furnished 
any member upon order accompanied by 
$1.25. 


Article XI—Annual Meeting 


Section 1—The annual Meeting of the 
Society shall be held in the City of New 
York. 

Section 2—-The Dean of Engineering at 
Cornell University is the principal speak- 
er at the annual meeting of the Society. 
Section 3~-At the Annual Meeting of 
the Society and at annual meetings of 
Regional Sections wherever practical, it 
is the custom to invite accepted candi- 
dates for admission to the Engineering 
College as guests of the Society. 


Article XII—Amendments 


Section 1—These By-laws may be 
amended by the Executive Committee at 
any regular meeting or any special meet- 
ing called for the purpose, provided no- 
tice of the proposed change is given in 
the announcement of the meeting. 
Section 2—-A majority vote of those 
members of the Executive Committee 
present and voting shall be sufficient for 
amendment. 
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ALUMNI ENGINEERS 


Edited by Harry 
Green III, ChemE 


Andrew J. McConnell, E.E. ’28, 
was recently elevated to the grade 
of Fellow in the American Insti- 
tute of Electrical Engineers for 
“contributions to design and appli- 
cation of power system protective 
relays.” Mr. McConnell has been 
active in the AIEE for many years 
and had served as chairman of the 
relays committee for two years. 

He joined General Electric 
Company upon graduation and for 
twelve years, he was a protective- 
relay design engineer at the Phila- 
delphia works. For the _ last 
eighteen years, he has been an ap- 
lication engineer on protective re- 
lays in Schenectady. His present 
title is Senior Engineer, Electric 
Utility Engineering. 


Alumni News 


Andrew J. McConnell 


Mr. McConnell is the author of 
over forty technical papers and ar- 
ticles and is the holder of eighteen 
patents. Besides the AIEE, he is 
a member of the New York State 
and national societies of Profes- 
sional Engineers, the Cornell So- 
ciety of Engineers, and the Cornell 
Club of Albany. 


Edwin Clinton Towl, C.E. ‘28, 
was recently made president of 
Grumman Aircraft Engineering 
Corporation, He was one of the six 
men who founded the company in 
1930. In 1937, he was appointed as- 
sistant treasurer and three years 
later, became vice-president and 
assistant corporate secretary. In 
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1943, Mr. Towl was named a di- 
rector of the firm and in 1954, he 
was chosen as administrative vice- 
president, the post he held until 
his new appointment, 


Alan B. Mills, Jr., C.E. '36, 
is senior partner in the architectur- 
al and engineering firm of Mills, 
Petticord, and Mills, of Washing- 
ton, D.C. The firm was rated last 
year as the fifty-sixth largest archi- 
tectural firm in the United States. 
Mr. Mill is extremely active in com- 
munity affairs, serving as vice- 
president of the Washington Build- 
ing Congress, director of the Boys 
Club of Washington, and as a 

member of the Washington Board 
of Trade, the executive committee 
of the National Capital Area Coun- 
cil of the Boy Scouts of America, 
and the Kiwanis Club. 


Lewis R. Gaty, E.E. '23, has 
been elected vice-president 
charge of engineering and research 
of the Philadelphia Electric Com- 
pany. Mr. Gaty has been in charge 
of research and development since 
1956 and now takes on the addi- 
tional duties of running the engi- 
neering organization, He has also 
been active in nuclear power de- 
velopment as vice-president of the 
technical and engineering commit- 
tee of Atomic Power Development 
Associates and a member of the 
technical and engineering commit- 
tee of Power Reactor Develop- 
ment Company. 


Stephen N. Bean, M.E. °31, has 
assumed new duties as manufac- 
turing manager of the Polaris mis- 
sile system program, now entering 
the production stage at Lockheed’s 
Missile and Space Division in Cali- 
fornia. 

Mr. Bean joined Lockheed in 
1940 as an industrial engineer 
working on the P-38 fighter and 
the Hudson bomber. In 1954, he 
became chief manufacturing engi- 
neer at Lockheed’s Georgia Di- 
vision, anc he carried full respon- 
sibility for all planning, tool de- 
sign, tool manufacturing, and 
plant engineering activities. 

He has been active in the So- 


ciety of Automotive Engineers and 
Aircraft Industries Association. 


Hugh G. Dean, B.S. in A.E. ’49, 
has been named sales manager of 
the Springfield Boiler Company in 
Milwaukee, a subsidiary of Clea- 
ver-Brooks Company. In his new 
position, he will be responsible for 
the instruction and training of 
sales agencies, and organizing the 
sales functions of Springfield's in- 
ternal staff. 

Mr. Dean was formerly Detroit 
district sales manager for Foster- 
Wheeler Corporation and has over 
ten years experience in the sales 
and engineering of heat exchange 
equipment. He has particularly 
broad knowledge in the petroleum, 
chemical and petro-chemical fields. 


Alumni News 


Hugh G. Dean 


He is a member of the American 
Society of Mechanical Engineers, 
the Society of Naval Architects 
and Marine Engineers, and the En- 
gineering Society of Detroit. 


Raymond C. Baxter, B. Chem. E. 
‘44, was recently appointed Vice- 
President-Engineering for Allied 
Chemical’s National Aniline Di- 
vision. In this newly created 
tion, he will be responsible for all 
Nationa] Aniline’s engineering and 
construction activities. 

Mr. Baxter joined Allied Chemi- 
cal in 1946 as a Process Engineer 
with the Solvay Process Division 
in Syracuse, New York. He was 
appointed Assistant Chief Engi- 
neer in 1954, and Chief Engineer 
in 1957. Two years later, in 1959, 
he was promoted to Assistant Di- 
rector of Operations. 

He is a member of Tau Beta Pi 
and the American Institute of 
Chemical Engineers. 
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It takes more than pressing a button to send a giant rocket on its way. 
Actually, almost as many man-hours go into the design and construction 
of the support equipment as into the missile itself. A leading factor in the 
reliability of Douglas missile systems is the company's practice of including 
all the necessary ground handling units, plus detailed procedures for system 
utilization and crew training. This complete job allows Douglas missiles like 
THOR, Nike HERCULES, Nike AJAX and others to move quickly from test 
to operational status and perform with outstanding dependability. Douglas 
is seeking qualified engineers and scientists for the design of missiles, 
space systems and their supporting equipment. Write to C. C. LaVene, 
Box B-600, Douglas Aircraft Company, Santa Monica, California. 


Alfred J. Carah, Chief Design Engineer, discusses the ground installation 
requirements for a series of THOR-boosted space D 0 U G [ AS 
probes with Donald W. Douglas, Jr., President of 

MISSILE AND SPACE SYSTEMS &@ MILITARY AIRCRAFT @@ DC-6 JETLINERS CARGO TRANSPORTS & AIRCOMB® & GROUND SUPPORT EQUIPMENT 
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A “stream-of-action” environment with unusual growth 
possibilities should be a major factor in a choice of 
career. And that’s an excellent reason for considering 
carefully the opportunities existing in Sikorsky Aircraft. 
We believe that our company is just the “right-sized 
stream”. Young engineers can enjoy diversified, small- 
group activities, as well as stature opportunities in a 
field that is wide open to the expression of imagination 
and professional competence. 


Sikorsky Aircraft is the company which pioneered the 
modern helicopter. Our current program is far-ranging 
and is recognized as one of the broadest and most 
challenging in the entire aircraft industry. 


Work associations are stimulating and in an atmosphere 
of progress. Assignments could include joining an elec- 
tronic team of twenty to thirty associates—or—working 
with a highly selective group of four or five on interest- 
ing problems of radiation, instrumentation, auto pilot- 
age, automatic stabilization, etc. 

If you want to enter this “stream-of-action”, the time is 
now. Opportunities for personal progress have never 
been greater. 


For detailed information about careers with us, please 
write to Mr. James L. Purfield, Employment Supervisor. 


AIRCRAFT 
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Aon OSPACE 


CORPORATION 


present genuine challenge to scientists 


“To preserve our free institutions, it is 
absolutely essential that the United 
States find the most effective mean: of 
advancing the science and techzivlogy 
of space and also of applying ‘i.:0m to 
military space systems. This is the mis- 
sion of Aerospace Corporation” 

Ivan A. GETTING 

PRESIDENT 

AEROSPACE CORPORATION 


In accomplishing its mission, this non- 
profit public service organization per- 
forms the unique role of space systems 
architect. Aerospace Corporation pro- 
vides scientific and technical leadership 
to the science/industry team responsi- 
ble for developing complete space and 
ballistic missile systems on behalf of 
the United States Air Force. 


A new and vital force 
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and engineers of demonstrated competence 


Specific responsibilities of the new 
corporation include advanced systems 
analysis, research and experimentation, 
initial systems engineering, and gen- 
eral technical supervision of new 
systems through their critical phases. 


The broad charter of Aerospace 
Corporation offers its scientists and 
engineers more than the usual scope 
for creative expression and significant 
achievement, within a stimulating 
atmosphere of dedication to the public 
interest. 


Aerospace Corporation scientists 
and engineers are already engaged in a 
wide variety of specific systems proj- 
ects and forward research programs, 
under the leadership of scientist/ 
administrators including corporation 
president Dr. Ivan A. Getting, senior 
vice president Allen EF Donovan, and 
vice presidents Edward J. Barlow, 
William W. Drake, Jr., Jack H. Irving, 
and Chalmers W. Sherwin. 


Immediate opportunities exist for MS 
and PhD candidates completing require- 
ments in engineering, physics, chemistry 
and mathematics, and interested in: 

* Theoretical physics 
* Experimental physics 
* Inertial guidance 
* Propulsion systems 
* Computer analysis 
* Applied aerodynamics 
* Space communications 
* Infrared engineering 
* Applied mathematics 
* High temperature chemistry 
* Microwaves 
Those qualified and experienced in 


these and related fields are urged to 
direct their resumes to: 


Mr. James M. Benning, Room 130 
PO. Box 95081, Los Angeles 45, Calif. 


AEROSPACE CORPORATION 


engaged in accelerating the advancement of space science and technology 
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COLLEGE NEWS 


Edited by Joel Lichtenstein EE '64 


GRADUATE AWARD MADE 
TO EE STUDENT 
Renewal of a General Dynam- 
ics Electronics graduate fellow- 
ship in electrical engineering 
which was established last year, 
at Cornell, has been announced. 
Each of the fellowships carries 
a stipend of $2400, plus full tuition 
and all fees. The fellowships will 
be administered by the Dean of 
Graduate Studies. 


Cornell News Bureau 


Joseph W. Douglass, Jr. 


The General Dynamics Elec- 
tronics graduate fellowship in elec- 
trical enginee ring at Cornell Uni- 
versity this year is held by Joseph 
W. Douglass, Jr., of 21265 Ken- 
wood Avenue, Rocky River, Ohio. 


PRECISION STEREOPLOTTER 
INSTALLED IN C.E. SCHOOL 

The University recently installed 
the first high-precision stereoplotter 
of its kind in a civil engineering 
school in the United States. 

The apparatus, which includes 
a Wild A7 Autograph and EK-3 
Electric Coordinate Printer, makes 
possible the compilation of more 
precise maps from aerial photo- 
graphs, according to Prof. Arthur 
J. McNair, head of the surveying 


One of the stereoplotter’s unique 
features is that it can also be used 
with tilted aerial photographs as 
well as photographs taken on the 
ground, and is capable of extend- 
ing survey control from photograph 
to photograph along a strip. 

The stereoplotter’s new electric 
coordinate printer enables an oper- 
ator who observes ground points 
in the photographs in three di- 
mensions to have three coordinate 
positions computed and printed 
merely by pressing a button. Ap- 
propriate attachments enable the 
ground position and _ elevation 
above sea level to be put on paper 
tape or punch-cards—making 
data ready for subsequent com- 
putations with an electronic com- 
puter. 

Electronic computer map work 
—a new way of making topo- 
graphical maps from aerial photo- 
graphs by using mathematical 
ormulas and electronic computers 
instead of costly ground survey- 


ing—has undergone study and 
been perfected at Cornell since 
1954, under the sponsorship of the 
U. S. Army Corps of Engineers, 
the U. S. Navy Photo Interpreta- 
tion Center, and the U. S. Air Force 
Aeronautical Chart Plant. 

One of the components of the 
instrument is a precision rectangu- 
lar This is used 
by engineers to plot points rapidly 
for maps, profiles, grids and 
graphs with extreme precision. 

Coupled with the available fa- 
cilities of the Cornell Computing 
Center the precision plotter is an 
excellent research tool that will 
make possible the development of 
new methods according to Profes- 
sor McNair. 

In addition to many appli- 
cations to mapping and highway 
engineering, some other fields in 
which it will prove of value in 
making studies are geology, forest- 
ry, archaeology, satellites and mis- 


siles, cadastral and land surveys, 


Cornell University News Bureau 
New High-Precision Stereoplotter for Cornell University is demonstrated for Cornell 
faculty members by officials of the Swiss manufacturer, Wild-Heerbrugg, Ltd. Watch- 
ing the demonstration in the foreground are: (left to right) Sanford S. Atwood, 
provost of Cornell University; Dale R. Corson, dean of the College of Engineering 
and professor of engineering physics; Kenneth Reynolds, vice-president of the United 
States division of Wild-Heerburg, Ltd.; Nephi A. Christensen, director of the School 
of Civil Engineering; and Arthur J. McNair, professor and director of surveying en- 
gineering in the School of Civil Engineering. In the background operating the ma- 
chine is G. E. Borman of scientific division of the photogrammetric section of Wild- 
Heerbrugg. 


and photogrammetry department 
of the School of Civil Engineering. 

Designed to work in microns 
(1/1000th of a millimeter), the 
stereoplotter is so precise that a 
random speck of dust or a hair 
from the operator's head on bear- 
ing surfaces would be apparent, 
Professor McNair said. 
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soils, architecture, land planning, 
and water resources. 

The instruction and internal re- 
search load will not require the 
fulltime use of the stereoplotter, 
Professor McNair pointed out, and 
it is hoped that Cornell can pro- 
vide a_ substantial service to 
government, commercial and en- 
gineering research groups which 
do not already possess such a pre- 
cise stereoplotter. 


TOTAL RESEARCH 
GRANTS ANNOUNCED 


Cornell University received 50 
grants totaling $7,444,868.25 for 
basic research in the physical and 
social sciences during the first quar- 
ter of the 1960-61 fiscal year (July, 
August and September). 

The grants, awarded by private 
corporations, foundations, and 
government agencies, will enable 
Cornell professors to carry out re- 
search ranging from a study of cor- 
rosion and embrittlement phe- 
nomena in high strength sheet 
steels used in rocket construction 
to an investigation and compari- 
son of child training practices 
carried on by parents in six cul- 


tures. The largest grant, $6,100,000, 


came from the Advanced Research 
Projects Agency of the Department 
of Defense to set up at Cornell a 
vastly enlarged program of basic 
research in the science of mate- 
rials. 

Among the professors in the En- 
gineering school who have re- 
ceived grants to carry out research 
projects are: 

Vaughn C. Behn, associate pro- 
fessor of sanitary engineering, 
from the National Institutes of 
Health for a study of “The Funda- 
mental Rheological Properties of 
Sewage Sludges.” 

G. Conrad Dalman, professor of 
electrical engineering, from the 
Army Signal Corps for a study of 
noise generation in microwave 
oscillators. 

Herbert H. Johnson, associate 
professor of engineering mechan- 
ics and materials, from the Navy 
to study “Environmental Reactions 
of Rocket Steels” (a study of cor- 
rosion and embrittlement phe- 
nomena in high strength sheet 
steels used in construction of rock- 
ets). 

Harry J. Loberg, director of the 
Sibley School of Mechanical En- 
gineering, from Babcock and 


Willcox Company for continuation 
of studies on heat transfer. 

Howard N. McManus Jr., as- 
sistant professor of thermal engi- 
neering, from the Army for study 
of “Heat Transfer in Two-Phase 
Flow Systems.” 

Lyman G. Parratt, chairman of 
the Department of Physics, from 
the Air Force for continuation of 
X-ray spectroscopic studies of the 
solid state. 

Chester W. Spencer, associate 
professor of metallurgical engi- 
neering, to study “Properties of 
Semi-Conducting Intermetallic 
Compounds with Emphasis on the 
Electrical and Mechanical Proper- 
ties of the Substances.” 

Ravindranath Sudan, assistant 
professor of electrical engineering, 
from the Rochester Gas and Elec- 
tric Company, Detroit Edison 
Company, American Electric 
Power Service Corporation and 
Westinghouse Corporation for 
“Study of Electromagnetic Fields 
on lonized Gases.” 

Herbert F. Wiegandt, professor 
of chemical engineering, two 
grants from the Department of In- 
terior for continuation of studies 
on salt water conversion. 
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There are many likely reasons. 
Perhaps the best one is the sum 
total of them all: 


At DuPont, there are no dead- 


end streets for able, ambitious 


people. 


For example, DuPont is grow- 
ing constantly, and growth means 
more jobs. Every year we spend 
$90 million in research alone, to 
develop new products that create 
challenging new opportunities. 


In addition, Du Pont invests an 
average of $33,000 in each em- 
ployee to provide the most modern 
equipment, the finest facilities, the 
best supporting services—factors 
of special significance to the tech- 
nical man, 
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WHY 
DO 
DU PONT 
MEN 
STAY 
DU PONT 
MEN 


Whatever the reasons, a recent 
survey of ten large companies 
showed that DuPont’s turnover 
rate among technical personnel is 
within a fraction of one per cent 
of being the absolute lowest! More- 
over, after five years of service, the 
majority of Du Pont engineers and 
scientists remain for the rest of 
their careers. 


We think there’s food for serious 
thought in these facts for new engi- 
neers, chemists, mathematicians 
and physicists who are determined 
to succeed. For more information 
about opportunities here, ask your 
Placement Officer for literature. Or 
write: E. 1. du Pont de Nemours & 
Co. (Inc.), 2419-3 Nemours Build- 
ing, Wilmington 98, Delaware. 
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Printing 


113 E. Green St. 


Promotes 


THE CAYUGA PRESS 
Ithaca, N.Y. 


Progress 


Phone 2-2781 


PIPE-VALVES 
FITTINGS 


STEEL... PLASTIC... ALUMINUM 
STAINLESS ... WROUGHT IRON 


PILING 
ACCESSORIES 


PIPE FABRICATION 


LIGHTWEIGHT SPEEDAIAYs PIPE SYSTEM 


ARTHUR A. GREEN, M.E., '49 


WRITE FOR FREE BSROCHURE 


ALBERT PIPE SUPPLY CO., INC. 
101 VARICK AVE., BROOKLYN 37, WN. ¥. 
TELEPHONE: HYACINTH 7-4900 
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CORNELL JACKETS 


Spring will be springing any day now, and 
you'll be able to shed that heavy overcoat 


or stormcoat. 


Greet the new season in the ever-popular 


warm-up jacket made of fine wool melton in 
cardinal with cardinal and white knit col- 


lar, cuffs and waist band, CORNELL in white 
felt block letters across the back — $16.95. 


Cornell Campus Store 
Barnes Hall 


THE CORNELL ENGINEER 


‘ 

4 

i 

‘ 
e 
é 
eth 


Grinnell Hangers cradle high-pressure piping 
at new Yankee Atomic Power Plant 


At the new Yankee Atomic Power Plant in Rowe, Mass., uranium 
fuel in the nuclear reactor keeps the water which flows through the 
reactor at about 500°F. This pressurized water, at 2,000 pounds per 
square inch pressure, transfers the heat through piping to a steam 
generator where steam is produced for running power turbines. 

Piping that undergoes such high pressures and temperatures must 
have rugged, reliable support. Chosen for this tough job: Grinnell 
Pipe Hangers! 

Grinnell Constant Support Hangers are used where reactive forces 
at terminal points must be kept within specified limits. Grinnell Vari- 
able Spring Hangers are used where piping is subject to vertical 
movement and does not require a constant support type. 

For a complete line of engineered pipe hangers and supports... 
for skilled advice and assistance . . . for experienced field engineering 


service ... call on Grinnell Company, Providence 1, Rhode Island. 


Turbine extraction lead gets support 
from Grinnell Constant Support Hanger 


GRINNELL AMERICA’S #1 SUPPLIER OF PIPE HANGERS AND SUPPORTS 
Pipe Fittings, Valves, Pipe Hangers, Prefabricated Piping, Unit Heaters and Piping Specialties * Branch Warehouses and Distributors from Coast to Coast 


ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE JOB OPPORTUNITIES WITH GRINNELL 
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NEW TYPEWRITER READ-OUT FOR 
DIRECT READING SPECTROMETERS 


The newest improvement in di- 
rect reading spectrometers has 
been announced by Jarrell-Ash. 

In the Typewriter Print-Out 
System, the spectrometric data is 
recorded automatically after the 
exposure is terminated, Carbon 
copies are readily made. Pre- 
printed or pre-typed forms may be 
used and complete analytical re- 
ports thus prepared. The type- 
writer prints a number propor- 
tional to percent concentration of 
the chemical elements present in 
the sample. 


ee 


ooo 


control, and for powering micro- 
wave relay equipment in industrial 
applications, 

Westinghouse is capable of de- 
signing units to combine the use 
of any type of fuel and any type 
of cooling medium, Gasoline, pro- 
ee or natural gas are typical 
uels, while for air, water, or 
natural convection could be used 
for cooling. 

Depending on the application 
and the type of fuel used, the gen- 
erators operate at core tempera- 
tures between 300 and 600 degrees 
©. Typical units burning propane 
gas operate at 400 degrees C. 


Jarrell-Ash Co. 


Typewriter direct reading print-out system developed by Jarrell-Ash Company. 


THERMOELECTRIC GENERATORS 
MADE AVAILABLE FOR INDUSTRY 

Westinghouse Electric Corpora- 
tion is now prepared to desi 
and manufacture a broad line of 
thermoelectric generators for 
commercial and industrial appli- 
cations. Four units, in ratings of 5, 
10, 50 and 100 watts, are already 
available and are typical of the 
range of devices that can be pro- 
duced to customer orders. 

The generators are completely 
static and are ideally suited for 
applications in remote locations. 
First uses will probably be in cath- 
odic protection of pipelines, valve 
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Recent significant improvements 
in thermoelectric materials have 
made the commercial availability 
of these devices possible. In addi- 
tion, engineers have developed 
techniques that permit the con- 
struction of better, oxidation re- 
sistant thermoelectric couples. All 
electrical contacts between pellets 
are either soldered or brazed; the 
units are free from pressure 
bonded contacts which are sub- 
ject to oxidation and lead to de- 
terioration of subsequent genera- 
tor performance. 

The generators basically have 
low voltage, high current d-c out- 


puts. However, a variety of static 
inverters or converters can be sup- 
plied to provide a d-c or a-c out- 
put rating. 


ROLLER ROADS PROPOSED AS NEW 
HIGH-SPEED HIGHWAY CONCEPT 


Under a new concept for mass 
transportation put forward by 
Westinghouse Electric Corpora- 
tion, a high-speed electrically 
driven system of “Roller Roads” 
would transport groups of auto- 
mobiles ar; their occupants at 
speeds up to 150 miles per hour 
or commuters at speeds up to 75 
miles per hour. 

The roadway would consist of a 
series of rubber rollers spaced ap- 
proximately 20 feet = to re- 
semble inverted roller skates. Pow- 
ered by individual motors, these 
rollers would both support and 
propel the flat-bottomed carriers 
in which automobiles and passen- 
gers would travel. 

The basic principles of the new 
system are: 

The conveyances which carry 
automobiles will be devoid of all 
apparatus whose failure might 
cause a highway shutdown or de- 
lay; each lane of the highway will 
be a continuous, computer-con- 
trolled system of individually 
powered rollers, receiving electric 
energy from neighboring intercon- 
nected electric utility systems. 
This roller system will not only be 
the highway surface, but will ac- 
celerate the conveyances, keep 
them moving once accelerated, 
and provide braking power at 
proper locations; the conveyances 
will be stopped at fixed stations 
where the automobiles will be 
loaded and unloaded automati- 
cally to achieve uniform loading 
in minimum time. 

Each carrier would be approxi- 
mately 110 feet long. Provision 
would be made for 10 automobiles 
plus a lounge with rest room fa- 
cilities. The carriers would be 
operated in strings of 3 to 10 units 
under normal conditions, The only 
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factor limiting the number of car- 
riers would be the length of the 
loading platforms. 

Guide wheels operating against 
the rails at either side of the Roller 
Road would steer the carriers 
along the rollers. As the only ro- 
tating devices on the carriers, 
these wheels could also be used 
to power generators to supply 
light and heat inside the carriers. 

The drive package for each 
roller would consist of a_ three- 
phase induction motor, a torque 
converter, a brake, and a reduc- 
tion gear. The time required for 
a 1100-foot string of 10 carriers 
to pass over a given roller at 150 
mph is about 5 seconds, Conse- 
quently these motors would work 
for five seconds and then would 
idle until the next conveyance 
came along. The motors thus could 
be heavily “overloaded” for short 
peak intervals, greatly reducing 
their size. The mechanical brake 
would be included on each roller, 
to provide for emergency stops 
anywhere along the highway. 

A loading and unloading time 
of one minute was set as a goal 
in order to maintain an average 
Fe of 120 miles per hour over 
the highways. Drivers intending 
to board a carrier would place 
their cars on dollies at platforms 
adjacent to the highway. This 
would be the last action required 
of the driver until he and his car 
were automatically unloaded at 
his destination. 

Computer-controlled lights would 
indicate to a driver which spaces 
were empty on the approaching 
carrier, When the carriers stop, 
automatic devices attached to the 
station platform raise the proper 
doors on each side of the carriers. 
With the doors raised, a mechani- 
cal device would push the dolly 
and the car onto the carrier. The 
corresponding dolly on the carrier, 
whether or not it carries an auto- 
mobile, is pushed off the carrier 
on to the other side of the plat- 
form. 

Consideration was given to the 


possibility of people driving auto- 
mobiles on and off the carriers 


protection against rear-end colli- 
sions should any string of carriers 
be stopped; control the automatic 
loading and unloading at stations. 

Basic advantages of this system 
would be: 

It can handle conventional toll 
road traffic at twice the speed. Its 
capacity could be increased with 
little expense by running more 
than 10 carriers together as an 
— unit. It could carry high- 
cli freight in containers at 
speeds comparable to the airlines. 
It is an all-weather route, invul- 
nerable to delays from fog, ice, 
sleet or snow. It can carry pas- 
sengers who may desire to travel 
without their automobiles at high 
speeds, The same principles could 
be — to produce an excellent 
rapid transit system for large ur- 
ban communities such as San 
Francisco, Los Angeles or Pitts- 
burgh. 


ADVANCE IN 
AUTOMOTIVE DESIGNING: 
THE ALUMINUM ENGINE 

A six-cylinder engine with an 
aluminum block is now available 
in the 1961 compact Dodge Lan- 
cer. The new cylinder block is die- 
cast, and is offered only with 
the 145-horsepower, 225-cubic- 


inch six-cylinder engine. The alu- 
minum block reduces the weight 
of the engine by almost 65 pounds. 
A six-cylinder engine with cast- 
iron block weighs 413 pounds. 

Advantages of the lighter en- 
gine are that the load on front 
wheels is reduced, steering re- 
quires less effort, braking loads 
are decreased and even the wear 
on tires is reduced. 

The engine is machined and as- 
sembled on an auxiliary produc- 
tion line. Cylinder blocks are sup- 
plied by the Corporation's die- 
cast plant in Kokomo, Ind. This 
plant, in existence for 3% years 
now, is currently producing over 
60 different die-cast aluminum 
components for engines and trans- 
missions. An additional 18,000 
square feet of floor space has been 
allocated at the plant to house 
seven new die-casting machines 
producing aluminum blocks. 
These machines, each having a 
die-locking force greater than 
2,000 tons, are among the largest 
of their kind used in the industry. 
A high standard of performance 
and reliability has been assured 
for the aluminum engine, by an 
intensive test program. 

More than 100 prototype en- 
gines installed in regular passen- 


Westinghouse Electric Corp. 


but was discarded because of the 
uncertainties of human behavior. 
The computer control for the sys- 
tem would dispatch strings of car- 
riers at proper intervals; provide 


concept of mass transportation; high-speed electric highway system adaptable 
either for automobiles or rapid transit commuters. The carriers rest on and are pro- 
pelled by a series of rollers shown above. The two rails serve to guide the carriers 
along rollers. Described as a Roller Road by Westinghouse, the system would move 
automobiles and their occupants at speeds up to 150 miles per hour, and commuters 
at speeds up to 75 miles per hour. 
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Chances are you'll eventually be involved 
in some way with specifications for: 


AIR CONDITIONING 
REFRIGERATION 
HEATING 

HEAT TRANSFER 


and chances are you'll profit by knowing 


the One Manufacturer providing 
“one source-one responsibility”’ for all four. 


DUNHAM-BUSH, INC. 


WEST HARTFORD 10 ¢ CONNECTICUT ¢ U.S.A, 
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ger cars have logged more than 
a million miles of rugged road 
testing, proving the engine’s ca- 
pabilities and endurance under all 
operating conditions. In addition, 
15,000 hours of endurance c cycling 
have been amassed on engine 
testing dynamometers in the lab- 
oratory, 

Dodge's aluminum cylinder 
block is specifically designed to be 
die-cast. The technical and eco- 
nomic benefits of the die-casting 
process are well known, and are 
so substantial, that numerous man- 
ufacturers are expected to switch 
from permanent mold methods to 
die-casting in the future. Die-cast- 
ing provides a more accurate and 
consistent product than previously 
used mold techniques. It offers 
better casting quality because of 
accurately controlled casting tem- 
peratures and pressures, and 
highly automated inspection meth- 
ods. 

By using die-casting, the alu- 
minum block can be designed 
to combine optimum structural 
strength and rigidity with mini- 
mum metal usage. 

Use of metal dies and high cast- 
ing pressures permits minimum 
wall thicknesses and more uniform 
sections. This contrasts with the 
sandcasting process where heavier 
sections are required. Die-casting 
also is considered a superior proc- 
ess for mass production, being 
faster and more economical, Ma- 
chining requirements are reduced, 
tools last longer, and production 
rate is increased. 

The Lancer’s cylinder block has 
integrally-cast dry cylinder bore 
liners of cast iron, cast-iron upper 
and lower main bearing caps, and 
a special composite cylinder head 
gasket. Extensive research and 
testing was required to refine the 
design with respect to cylinder 
wall wear, crankshaft bearing 
clearance control, sealing, casting 
stress and operating stresses. 

The design of the block takes 
full advantage of the high stand- 
ards of quality control which die- 
casting permits. 

The most significant advantages 
of the aluminum engine are that 
it reduces the vehicle weight, 
eases the steering, and allows bet- 
ter gasoline economy and car per- 
formance. 
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AEROSPACE 
INTELLECTS 
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Creative techni@ahigtellects constitute a very substantia! 
percentage oPeur. nearly 5,000 employees. Our 15 
Or so really great Sead sts — national authorities 
on electronics, computers, p uigion, « optics, magnetic 
phenomena, solid-state physics, mathematics 
and other phases of aerospace science — caliiipant a small 

fraction of the full range of Kollsman 


Our hundreds and hundreds of highly at 
engineers and technicians are an all-important part o 

it, and so are our master lens grinders who can hand- 
polish a lens to tolerances of a few millionths of an inch. 


Some of these men can trace their career back to 
the days when Kolisman became a household word 
among fliers as the flight instrument company. We 

still are. But ever since the boundary between air and 
space disappeared, we have been finding ourselves more 
and more in the space part of the aerospace business, 


Some people think, for example, that we are the 
astronavigation company today. And we may easily 

be the company for the particular aerospace business 
you have on your mind. Our best minds — the industry's 
leading aerospace intellects — are at your service. 


Here is what we are delivering to our customers 
today: = Astro Trackers # Automatic Astro Compass 
a Air Data Computers # Electromechanical 
Systems # Missile Components & Systems 

w Jet Engine Instruments » Flight instruments 
# Kolisman Integrated Flight Instrument System 
= Optical Systems & Components # Doppler 
Computation Systems = Sextants (Periscopic, 
Handheld, Photoelectric) # Controls for 

Aircraft, Missiles & Space Vehicles 

Flight Simulator Instruments 

= Laboratory Test Instruments 
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IMPORTANT DEVELOPMENTS AT JPL... 
PIONEERING IN SPACE RESEARCH 


The Jet Propulsion Laboratory has been assigned 
responsibility for the Nation’s program of unmanned 
lunar, planetary, and interplanetary exploration. The 
objectives of this program are to contribute to mankind's 
fundamental knowledge of space and the space environ- 
ment and to contribute to the development of the tech- 
nology of space exploration. For the next ten years, as 
larger booster vehicles become available, increasingly 
versatile spacecraft payloads will be developed. 

JPL will conduct the missions, utilizing these spacecraft 
to orbit and land on the moon, to probe interplanetary 
space, and to orbit and land on the near and far planets. 

Earliest of these spacecraft will be the “Ranger” series 


@ JET 


now being designed, developed and tested at JPL. The 
mission of this particular series will include first, explora- 
tion of the environment and later the landing of instru- 
mented capsules on the moon. 

Never before has such a wide vista of opportunity, or 
@ greater incentive been open to men trained in all fields 
of modern science and engineering. Every day at JPL new 
problems arise, new theories are advanced, new methods 
tested, new materials used and new principles discov- 
ered. This creates a stimulating work atmosphere for 
trained individuals and an unlimited field for constructive 
development of a long-range and rewarding career. 
Wouldn't you like to take part in it? 


= 


iMustrated is “Ranger” 
proof-test model undergoing 
design verification testing in 
one of the laboratories ot JPL. 
Here design features are 
tested and proved, operational 
procedures developed ond 
handling experience gained for 
the actual construction of the 
initial flight spacecraft. 

These spocecraft will be among 
the earliest pioneers in the 
development of space science. 


PROPULSION LABORATORY 


Operated by the California institute of Technology under contract with the National Aeronautics and Space Administration 
PASADENA, CALIFORNIA 
Employment opportunities for Graduate Students in these fields 
INFRA-RED + OPTICS + MICROWAVE « SERVOMECHANISMS + COMPUTERS « LIQUID AND SOLID PROPULSION * STRUCTURES « CHEMISTRY 
INSTRUMENTATION * MATHEMATICS + ENGINEERING MECHANICS * TRANSISTOR CIRCUITRY AND SOLID STATE PHYSICS 


Send professional resumé for our immediate consideration. Interviews may be arranged on Campus or at the Laboratory. 
THE CORNELL ENGINEER 
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With the introduction of high 
speed heavy duty electric traction, 
the need for a high voltage contin- 
uous current motor was felt. Un- 
der certain conditions it is impos- 
sible to use the ordinary urban 
and suburban pressures of 500 or 
650 volts on account of the cost 
due to size of conductors and the 
drop of voltage to say nothing of 
the dimension of the apparatus 
and motors themselves. 

The Siemans-Schuckerwerke, 
G.m.b.h., of Berlin, Germany, 
have undertaken the construction 
of motors for DC pressures up to 
2000 volts. The motors differ from 
ordinary railway motors only in 
having the windings and commu- 
tator specially insulated and in 
possessing commutator poles. The 
normal speed of the motor at its 
full rated HP is 850 rpm. The ef- 
ficiency of the motor is approxi- 
mately 83% and weight without 
gear wheels or gear case is 850 Kg. 
(870 Ibs.). 

The motor frame is built of soft 
cast steel and has an approxi- 
mately octagonal form, The gen- 
eral design is the same as the 
latest railway practice, that is, it 
is divided into two parts horizon- 
tally so that the commutator, ar- 
mature, and field coils can be in- 
spected in the usual way. 

The poleshoes are built of in- 
sulated plates securely bolted to- 
gether and fixed to the frame by 
strong screws. The armature is 
built of laminated iron, insulated 
with paper and slotted for the 
winding. The form wound coils 
are fixed in the slots of the arma- 
ture by wooden wedges which 
make the repairs much easier than 
they are when the coils are fas- 


tened in with bands. The eddy 
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currents in the bands are at the 
same time avoided. 

On the test floor, the motor was 
found to run entirely §sparkless 
when developing 22 HP at a ter- 
minal voltage of 1500 volts. It was 
also found possible to raise the 
pressure to 2000 volts without the 
slightest trace of sparking at the 
commutator.—Sibley Journal, 1911. 


A. H. Crist, 91, of the Arthur 
H. Crist Co., publishers, of Coop- 
erstown, N.Y., would like to get 
in touch with a graduate of the 
Electrical Engineering Depart- 
ment, having at least two years 
outside experience, to specialize in 
electrical work and internal com- 
bustion engines. Salary at start, 
$700 to $800 a year. 

—Sibley Journal, 1911 


Dr. Steinmetz, the next speaker, 
declared that the engineering pro- 
fession has today become the most 
indispensable of all the professions. 
It would be impossible for the hu- 
man race to exist in such great 
numbers without the aid of the 
engineer. In future years, as the 
natural resources of the earth 
gradually fail, this need will grow 
more and more insistent, and the 
field of the engineer will ever be 
increasing. Dr. Steinmetz then out- 
lined his conception of the ideal 
engineer: one who could properly 
fulfill the stringent requirements 
of his profession. In the beginning, 
the technical student should de- 
vote himself while in college more 
particularly to the theoretical side 
of engineering, leaving the practi- 
cal side to be learned later. After 
graduation, opportunities for ob- 
taining practical experience are 
unlimited, but if the theoretical 
foundation has not been built up 
during the college course, it be- 
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comes too late to remedy the fault 
after entering the engineering field. 
There will be little or no time 
available for study and no one to 
aid and instruct. Moreover, the 
training of the ideal engineer 
should not be confined to techni- 
cal matters alone. It should be 
broad enough to enable the engi- 
neer to deal successfully with men 
of all types, for the engineer must 
primarily be a natural leader and 
director of men. Today, the engi- 
neer, because of insufficient train- 
ing in business and politics, is 
usually subservient to the man 
who has no abilities as a producer 
but who has devoted his whole 
energies toward becoming an or- 
ganizer and a leader. [From the 
annual Sibley Banquet.] 

—Sibley Journal, 1911. 


The Roosevelt Dam, Salt River 
Irrigation Project, Arizona, will be 
formally opened on March 18 with 
ex-President Theodore Roosevelt 
as guest of honor, says Engineer- 
ing News. The last stone in the 
parapet walls and the dam was 
laid at noon, February fifth. The 
dam has a total height of 284 feet 
from foundation to parapet and a 
top length of 1,080 feet. A twenty 
foot roadway extends along the 
top of the dam. The reservoir 
formed by the dam has a length 
of twenty-five miles, a maximum 
depth of over 200 feet and an ap- 
proximate capacity of 56,628,000,- 
000 cu. ft. The water stored by the 
dam will be used in irrigating 
some 200,000 acres of land near 
Phoenix. In addition, hydro-elec- 
tric power will be developed at 
the dam site, and used for pump- 
ing underground water to irrigate 
60,000 acres of land located about 
100 miles down the valley. 


—Sibley Journal, 1911 
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New Cars and Trucks Use More Malleable 
For Better Performance...Lower Cost 


As the automotive industry steps up its drive to pack 
greater performance into lighter weight vehicles and 
still hold costs in line, the demand for Malleable iron 
castings continues to increase. Noted for their strength, 
toughness, machinability and economy, Malleables are 
used as key components in every make and type of 
vehicle. 

Matching each new advance in automotive technology, 


Malleable is now available in a broad range of properties, 
including tensile strengths from 50,000 to 120,000 psi! 


Find out now how much Malleable castings can improve 
your products. Contact any company that displays MEMBER 
this symbol — 


For Free Literature on advantages 
of Malleable iron castings, with 
examples from the automotive 
industry, ask any member com- 
pany for Data Unit No. 113, 
or write to Malleable Castings 
Council, Union Commerce Build- 
ing, Cleveland 14, Ohio. 


4 


Testifying to Malleable’s outstanding ability, pearlitic Malleable chosen for its high strength, wear resistance, damping capacity 
iron crankshafts are now used in both cars and trucks, like and machinability ...Malleable is the most machinable of all 
this new heavy-duty highway hauler Pearlitic Malleable was ferrous metals of similar properties. 
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Triskelion 


BADGE OF ACCOMPLISHMENT 


The Triskelion, a triangular badge of accomplish- 
ment and fellowship, may be seen in many parts of 
the world where steam, hydro and nuclear power 
stations, refineries, pulp and paper mills, process 
plants and other major engineering projects are under 
construction. It identifies the men of Stone & 
Webster Engineering Corporation . . . the men who 
get things done. 


If you'd like to join this team and if you have the 
personal and technical qualifications required, 
Stone & Webster Engineering Corporation has an 
opportunity for you. 


And no future could be brighter. You’ll be working 
with the latest developments in engineering. You'll 
be working for a long established, world-wide cor- 
poration which is able to offer greater continuity of 
employment because of the diversity of its activities. 
You'll be working with a team that’s strong in 
every position. 


Ask your Placement Office 
If you’ re interested in an opportunity for accomplish- 
‘Stone @ Webster and You.** ment, we invite you to get in touch with us. 


STONE & WEBSTER ENGINEERING CORPORATION 
New York Boston Chicago Pittsburgh Houston Los Angeles 
San Francisco Seattle Toronto 
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STRESS STRAIN... 
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“I ‘aven't ‘ad a bite for three 
days,” said the tramp to the land- 
lady of an English inn, George and 
the Dragon. “Do you think you 
could spare me one?” 

“Certainly not,” replied the land- 
lady, slamming the door in his 
face. 

A few minutes later there was 
a knock on the door. She opened it 
and the same tramp was there. 
“What do you want now?” she 
asked. 

“Could I please speak to 
George?” said the tramp. 

“Thish match won't light.” 

“Washa matter with it?” 

“I dunno —it lit all right a 
minute ago.” 

Two men were sitting in a bar. 
“Albert,” asked one, “after you 
drink a lot, does your tongue 
burn?” 

“I don’t know, Sam,” replied the 
other. “I've never been drunk 
enough to light it.” 

Owner: “How did you come to 
puncture this tire?” 

Chauffeur: “Ran over a milk bot- 


Chauffeur: “No, the kid had it 
under his coat.” 
“How can you keep eating this 
dorm food?” 
“Oh, it’s easy, I just take a table- 
spoon of Drano three times a day.” 


ME Test Problem: 

A crosseyed woodpecker with a 
cork leg and synthetic rubber bill 
required one-half hour to peck 
one-fourth of the distance through 
a cypress log 53 years old. Shin- 
gles cost 79 cents per hundred 
and weigh eight pounds apiece. 
The log being pecked upon is 34 
feet long and weighs 46 pounds 
per foot. Assuming that the co- 
efficient of friction between the 
woodpecker’s bill and the cypress 
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log is 0.047 and there is negligible 
resistance to diffusion, how many 
units of vitamin B, will the wood- 
pecker require in pecking out 
enough shingles for a $75,000 
barn with detachable chicken 
house? The woodpecker has an ef- 
ficiency of 97% and gets time and 
a half for overtime. 


The crystal-gazer who collected 
$25 for a reading informed her 
visitor, “My fee entitles you to ask 
me two questions.” 

“Isn't that a lot of money for 
only two questions?” the startled 
sitter queried. 

“Yes, madam, it is,” answered 
the fortuneteller gravely. “And 
now, what is your second ques- 
tion?” 

With TV and picture magazines 
being so popular, if it wasn't for 
alphabet soup most people would 
give up reading entirely. 

Economics lesson for today: Girls 
without principle draw consider- 
able interest. 


It was New Year's Eve. A Salva- 
tion Army lassie was standing on 
the corner testifying. “I was a sin- 
ner,” she said, “who flitted from 
dance hall to dance hall. I drank 
liquor every night. I smoked con- 
stantly. I did everything bad. But 
I was saved, and now I don't 
dance, I don’t drink, I don’t smoke, 
I don't sin any more at all. In 
fact, I don’t do a darn thing but 
hang around here and beat this 
lousy drum.” 

The football coach, dejected be- 
cause his team was losing, looked 
down the bench of substitutes and 
yelled: “All right Jones, go in there 
and get ferocious.” 

Jones leaped up and answered: 
“O.K. Coach. What's his number?” 


The preacher at the close of his 


sermon discovered one of his dea- 
cons asleep. To teach a little les- 


son he announced, “We will now 
have a few minutes of prayer. 
Deacon Brown will lead.” 

“Lead?” said Deacon Brown 
suddenly awaking, “I just dealt.” 


Some years ago when the Cornell 
football team was playing Army 
at West Point, the game was hard 
fought and a number of penalties 
were called, most of them against 
Cornell. Sitting directly back of us 
were four wen who did not take 
kindly to these Cornell setbacks. 
After one 15-yard penalty, a coed 
demanded, “What's it for this 
time?” 

“Illegal use of hands,” I told her. 

“Wouldn't you know it?” she 
cried. “That's Cornell for you 
everytime!” 


A few years ago Uranium cost 
two dollars a ton. Then someone 
found out it could kill people. 


Two first graders stood talking in 
the school playground during re- 
cess when a jet plane flew over. 
“Look at that,” said one, “it’s an 
XB-50.” 

“No, an XB-51,” commented the 
other. “You can tell by its wing 
sweep.” 

“You're right,” conceded the first 
youngster. “But it’s not going more 
than 760 miles per hour because 
it didn’t break the sound barrier.” 

The second lad agreed on this 
point and remarked, “It's amazing 
the pressure that develops on those 
planes when they go into a dive — 
almost 1200 pounds per square 
inch.” 

Then the school bell rang indi- 
cating the end of recess and the 
first boy sighed, “Let’s go back in 
and finish stringing those darn 
beads.” 

Captain: “Why didn’t you sa- 
lute me yesterday?” 
ROTC Recruit: “I didn’t see you, 
sir. 
Captain: “Oh, all right then. I 
was afraid you were mad at me.” 
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Scientist photographs the development of experimental “lunar” 
plant at the Republic Aviation Corporation’s “Lunar Garden.” 


-you'l find Photography at Work with you 


Solving the problems of a human 
being living in outer space has 
become the task of scores of engi- 
neers, chemists and botanists. And 
serving them as a valuable working 
tool is photography. It records the 
growth of experimental plants and 
fungi that can well become the 
space voyager’s food supply. Through 
autoradiography it can show the 
absorption of cosmic radioactive 
material, trace its circulation within 
the organism. 

There's hardly a field on which 


you can set your sights where pho- 
tography does not play a part in 
advancing work and simplifying 
routine. It saves time and expense 
in research, on the production line, 
in the engineering and sales depart- 
ments, and in the office. 

So in whatever you plan to do, 
take full advantage of all the ways 
photography can help. 


CAREERS WITH KODAK: 
With photography and photographic 
processes becoming increasingly 


EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 


important in the business and indus- 
try of tomorrow, there are new and 
challenging opportunities at Kodak 
in research, engineering, electronics, 
design, sales, and production. 

* 

If you are looking for such an 
interesting opportunity, write for 
information about careers with 
Kodak. Address: Business and 
Technical Personnel 
Department, Eastman 
Kodak Company, 

Rochester 4, N.Y. 
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Several surveys indicate that salary is 
not the primary contributor to job 
satisfaction. Nevertheless, salary con- 
siderations will certainly play a big 
part in your evaluation of career op- 
portunities. Perhaps an insight into the 
salary policies of a large employer of 
engineers like General Electric will 
help you focus your personal salary 
objectives. 

Salary—a most individual and per- 
sonal aspect of your job—is difficult to 
discuss in general terms. While recog- 
nizing this, Mr. Case has tried answering 
as directly as possible some of your 
questions concerning salary: 


Q_ Mr. Case, what starting salary does 
your company pay graduate engineers? 


A Well, you know as well as I that 
graduates’ starting salaries are greatly 
influenced by the current demand for 
engineering talent. This demand es- 
tablishes a range of “going rates” for 
engineering graduates which is no doubt 
widely known on your campus. Be- 
cause General Electric seeks outstand- 
ing men, G-E starting salaries for these 
candidates lie in the upper part of the 
range of “going rates.” And within 
General Electric’s range of starting sal- 
aries, each candidate’s ability and 
potential are carefully evaluated to de- 
termine his individual starting salary. 


Q How do you go about evaluating 
my ability and potential value to your 
company? 


A We evaluate each individual in the 
light of information available to us: 
type of degree; demonstrated scholar- 
ship; extra-curricular contributions; work 
experience; and personal qualities as 
appraised by interviewers and faculty 
members. These considerations deter- 
mine where within G.E.’s current sal- 
ary range the engineer’s starting salary 
will be established. 


One of a series 


Interview with 


General Electric’s Byron A. Case 
Manager —Employee Compensation Service 


Your Salary 
at General Electric 


Q_ When could | expect my first salary 
increase from General Electric and how 
much would it be? 


A Whether a man is recruited for a 
specific job or for one of the principal 
training programs for engineers—the 
Engineering and Science Program, the 
Manufacturing Training Program, or 
the Technical Marketing Program—his 
individual performance and salary are 
reviewed at least once a year. 

For engineers one year out of col- 
lege, our recent experience indicates a 
first-year salary increase between 6 and 
15 percent. This percentage spread re- 
flects the individual’s job performance 
and his demonstrated capacity to do 
more difficult work. So you see, salary 
adjustments reflect individual perform- 
ance even at the earliest stages of 
professional development. And _ this 
emphasis on performance increases 
as experience and general competence 
increase. 


Q_ How much can | expect to be making 
after five years with General Electric? 


A_ As I just mentioned, ability has a 
sharply increasing influence on your 
salary, so you have a great deal of per- 
sonal control over the answer to your 
question. 

It may be helpful to look at the cur- 
rent salaries of all General Electric 
technical-college graduates who re- 
ceived their bachelor’s degrees in 1954 
(and now have over 5 years experience). 
Their current median salary, reflect- 
ing both merit and economic changes, 
is about 70 percent above the 1954 
median starting rate. Current salaries 
for outstanding engineers from this 


class are more than double the 1954 
median starting rates and, in some 
cases, are three or four times as great. 


Q What kinds of benefit 
does your company offer, Mr. Case? 


A Since I must be brief, I shall merely 
outline the many General Electric em- 
ployee benefit programs. These include 
a liberal pension plan, insurance plans, 
an emergency aid plan, employee dis- 
counts, and educational assistance pro- 
grams. 

The General Electric Insurance Plan 
has been widely hailed as a “pace 
setter” in American industry. In addi- 
tion to helping employees and their 
families meet ordinary medical expen- 
ses, the Plan also affords protection 
against the expenses of “catastrophic” 
accidents and illnesses which can wipe 
out personal savings and put a family 
deeply in debt. Additional coverages in- 
clude life insurance, accidental death 
insurance, and maternity benefits. 

Our newest plan is the Savings and 
Security Program which permits em- 
ployees to invest up to six percent of 
their earnings in U.S. Savings Bonds 
or in combinations of Bonds and Gen- 
eral Electric stock. These savings are 
supplemented by a Company Propor- 
tionate Payment equal to 50 percent 
of the employee's investment, subject 
to a prescribed holding period. 


If you would like a reprint of an 
informative article entitled,“*How 
to Evaluate Job Offers” by Dr. L. 
E. Saline, write to Section 959-14, 
General Electric Co., Schenectady 
5, New York. 


Progress /s Our Most Important Product 
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